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The	 increasing	 importance	 of	 environmental	 issues	 in	 new	product	 development	 heightens	 the	
significance	of	 the	 three	dimensional	 concurrent	engineering	 (3DCE)	concept	as	a	platform	that	
allows	 for	 the	 assimilation	 of	 environmental	 considerations	 into	 the	 new	product	 development	
process.	While	 environmental	 concerns	 can	be	 integrated	without	 3DCE,	 the	 added	element	of	
early	supply	chain	consideration	that	is	inherent	in	3DCE	is	critical	to	the	successful	environmental	
new	product	development	(ENPD)	efforts	as	the	environmental	performance	of	a	product	 is	the	
consolidation	 of	 its	 environmental	 impact	 through	 all	 the	 stages	 of	 its	 lifecycle;	 making	 it	
dependent	on	the	supply	chain.	This	study	aimed	to	explore	and	investigate	the	potential	role	and	
utilisation	of	the	supply	chain,	through	a	3DCE-based	approach,	during	ENPD.	It	took	the	form	of	a	
mixed	method	 study	 composed	of	 a	multi-case	 study,	 exploring	 supply	 chain	management	 and	
the	new	product	development	process,	and	controlled	experiments,	exploring	the	impact	of	early	
supply	chain	design	during	environmental	new	product	development.	It	was	found	that	having	the	
procurement	 function	 manage	 supply-side	 interactions	 and	 the	 design	 function	 practice	
preliminary	 supplier	 selection	 enables	 ENPD	 through	 early	 supply	 chain	 design.	 The	 key	 is	 the	
availability	of	supplier-specific	information	(supplying	company	and	product	information)	and	the	
effective	 use	 of	 the	 information.	 The	 information	 is	 made	 available	 through	 supply	 chain	
information	 sharing,	 a	 process	 that	 is	 hampered	 by	 the	 willingness	 to	 share	 and	 information	
availability.	Using	 technology,	mapping	 the	 supply	 chain	 for	 visibility	 and	 consolidating	 industry	
efforts	 were	 found	 to	 aid	 the	 information	 sharing.	 The	 findings	 and	 outputs	 of	 this	 study	
simultaneously	expand	the	knowledge	surrounding	the	utilisation	of	the	supply	chain	during	the	



















































the	 guidance	 and	 mentorship	 she	 provided	 and	 whose	 extreme	 patience,	 selfless	 time	 and	
optimism	were	sometimes	all	that	kept	me	going.	Thanks	are	also	due	to	my	other	supervisor,	Dr	
S.	Cayzer,	for	the	valuable	insights	he	shared	with	me	during	this	study.		
I	 acknowledge	 the	 contribution	 of	 the	 EU;	without	 its	 funding,	 this	 research	 project	would	 not	
have	 been	 possible.	 To	 Prof.	 S.J.	 Culley,	 Prof.	 M.	 Howard	 and	 Dr	 B.	 Yalabik,	 my	 internal	 and	
external	 examiners,	whose	 input	 vastly	 shaped	 this	 study	 into	what	 it	 is,	 I	want	 to	 express	my	
warmest	 gratitude.	 As	 well	 as	 to	 Prof.	 M.	 Lewis,	 Prof.	 M.	 Andreasen,	 Prof.	 C.	 Weber,	 Prof.	 L.	
Blessing,	 Prof.	 J.	 McDonnell	 and	 Dr	 I.	 Whitfield	 for	 their	 feedback	 on	 various	 aspects	 of	 this	
project.		
I	 am	 also	 indebted	 to	 Dr	 L.	 Domingo	 for	 the	 invaluable	 assistance	 she	 gave	me	 regarding	 the	
design	 of	 the	 controlled	 experiments	 and	 to	 all	 the	 interview	 informants	 and	 experiment	
participants	who	were	so	kind	enough	to	give	me	their	time.	Last,	but	certainly	not	least,	I	would	





































































































































































































































































































































































































































































CHANNEL	MEMBERS	 Organisations	 involved	 in	 getting	a	 company’s	products	 customers	
(e.g.	resellers,	distributors	etc.)	
COMPETITIVE	ADVANTAGE	 The	strategic	advantage	a	business	entity	has	over	 its	 rival	entities	
within	its	industry.	
DOWNSTREAM	 Flow	from	the	organisation	to	customers	
EARLY	SUPPLY	CHAIN	DESIGN	 Supply	 chain	 design	 during	 the	 early	 phases	 of	 the	 product	
development	process	
ECO-DESIGN	 An	approach	to	the	design	of	a	product	with	a	special	consideration	




New	 product	 development	 into	 which	 environmental	 issues	 are	




An	 approach	 to	manufacturing	which	 focuses	 on	 the	 efficient	 and	
productive	 use	 of	 raw	 materials	 and	 natural	 resources,	 and	
minimizes	 the	 adverse	 impacts	 on	 workers	 and	 the	 natural	
environment.	
FIRST	MOVER	ADVANTAGE	 The	 advantage	 gained	 by	 the	 initial	 ("first-moving")	 significant	
occupant	of	a	market	segment.	




Management	 mode	 that	 considers	 the	 environmental	 effects	 and	
resource	utilisation	efficiency	in	the	whole	supply	chain.	
GREY	LITERATURE	 Published	 and	 unpublished	 material	 that	 cannot	 be	 identified	
through	 the	 usual	 bibliographic	 methods	 e.g.	 websites,	 academic	
theses	and	dissertations,	and	company	white	papers.		




A	 strategic	advantage	a	 firm	has	attained	and	maintains	over	 rival	
firms	in	its	competitive	industry.	
NEW	PRODUCT	DEVELOPMENT	 The	complete	process	of	bringing	a	new	product	to	market.	
PROCUREMENT	 Deals	 with	 the	 sourcing	 activities,	 negotiation	 and	 strategic	
selection	of	goods	and	services	that	are	usually	of	importance	to	an	
organisation.	
PURCHASING	 The	 process	 of	 ordering	 and	 receiving	 goods	 and	 services.	 It	 is	 a	
subset	of	the	wider	procurement	process.	
SOURCING	 The	 component	 of	 the	 procurement	 process	 that	 deals	 with	
supplier	selection	and	management.	








in	 a	 process	 from	 suppliers	 to	 manufacturers	 to	 wholesalers	 to	
retailers	to	consumers,	 involves	coordinating	and	integrating	these	
flows	both	within	and	among	all	companies.	
SUPPLIER-SPECIFIC	INFORMATION	 Typical	product	 information	 (such	as	 that	 relating	 to	performance,	
cost	 and	 materials)	 augmented	 with	 information	 specific	 to	 the	
supplier	of	the	product	(such	as	location,	manufacturing	and	waste	
management).	
SYSTEM	LOGISTICS	 Part	 of	 supply	 chain	 management	 that	 plans,	 implements,	 and	
	 XIV	
controls	 the	 flow	 and	 storage	 of	 goods,	 services,	 and	 related	
information	 between	 the	 point	 of	 origin	 and	 the	 point	 of	
consumption	in	order	to	meet	customer's	requirements.	


















































































































































With	 organisations	 experiencing	 increased	 social	 and	 regulatory	 demands	 to	 behave	 in	 an	
environmentally	 conscious	 manner	 on	 a	 global	 scale,	 environmental	 impact	 is	 increasingly	
becoming	 a	 factor	 considered	 alongside	 cost,	 functionality	 and	 value	 during	 the	 product	
development	 process.	 Against	 this	 back	 drop,	 some	 organisations	 are	 enhancing	 their	
competitiveness	 by	 improving	 their	 environmental	 performance	 through	 the	 mitigation	 of	 the	
environmental	impact	of	their	production	and	service	activities	(Bacallan,	2000).	However,	these	
new	 requirements	 are	 often	 viewed	 as	 mandates	 or	 burdens	 that	 slow	 development	 while	
ramping	up	cost,	detracting	from	the	main	business	of	the	company.	As	a	result,	environmental	
aspects	are	often	considered	an	afterthought,	resulting	in	delays	and	added	costs	as	changes	are	
made	 after	 the	 late	 addition	 of	 environmental	 requirements	 into	 the	 development	 process	
(Handfield	et	al.,	2001;	Ellram	et	al.,	2008).	This	research	sets	out	to	tackle	this	problem.	With	its	
roots	 in	 concurrent	 engineering;	 three-dimensional	 concurrent	 engineering	 (3DCE)	 holds	 great	
promise	 for	 the	 early	 integration	 environmental	 considerations	 into	 the	 product	 development	
process	through	its	emphasis	on	the	early	consideration	of	supply	chain	design.	3DCE	is	the	notion	
that	 the	 simultaneous	 design	 of	 product,	 process	 and	 supply	 chain,	 through	 links	 between	




development	 (Ellram	 et	 al.,	 2008).	 ENPD	 is	 defined	 here	 as	 product	 development	 into	 which	
environmental	 issues	 are	 explicitly	 integrated	 in	 order	 to	 create	 a	 product	 with	 minimised	
environmental	 impacts.	 This	 also	 includes	 the	 redesign	 of	 existing	 products	 to	 reduce	 their	
environmental	impact	in	terms	of	materials,	manufacture,	use,	or	disposal. As	the	environmental	
performance	of	a	product	is	the	amalgamation	of	its	environmental	impact	through	all	the	stages	
of	 its	 lifecycle,	 from	 the	 extraction	 of	 raw	 materials	 to	 its	 end	 of	 life,	 it	 is	 dependent	 on	 the	
totality	of	the	supply	chain	in	both	upstream	and	downstream	directions	throughout	its	lifecycle.	
With	 ENPD	practices	 such	 as	 eco-design	 and	 environmentally	 responsible	manufacturing	 (ERM)	
requiring	the	co-operation	of	the	entire	supply	chain,	the	importance	of	the	early	consideration	of	
supply	chain	aspects	increases.	Through	early	supply	chain	design,	specific	information	pertaining	
to	 the	product’s	 supply	 chain	and	 characteristics	of	 components	and	materials	 from	 the	 supply	
base	 is	available	during	 the	design	phase.	 It	 is	 this	availability	of	 information	 that	 can	allow	 for	
various	environmental	assessments	to	be	carried	out,	these	assessments	can	be	more	accurate	if	






early	 during	 the	 NPD	 process	 has	 been	 shown	 to	 deliver	 commercial	 benefits	 (Fine,	 1998);	




In	 his	 1998	 book	 Clockspeed:	 Winning	 Industry	 Control	 in	 the	 Age	 of	 Temporary	 Advantage,	
drawing	 inspiration	 from	 the	Noble	 Prize	winning	work	 concerning	 the	 genetic	 control	 of	 early	










observing	 fruit	 fly	 industries	 -	 defined	 as	 industries	 with	 rapid	 evolutionary	 cycles	 e.g.	 the	




According	 to	Fine,	 industry	evolves	 in	accordance	with	 the	effects	of	 three	types	of	clockspeed;	
namely,	 product,	 process	 and	 organisational.	 Product	 clockspeed	 contrasts	 the	 fast	
telecommunications	 industry	 with	 the	 slow	 nuclear	 power	 plant	 industry,	 while	 process	
clockspeed	can	be	exemplified	by	the	rapid	evolution	of	animation	and	special	effects	technology	
in	 the	 film-making	 industry	 and	 organisational	 clockspeed	 may	 be	 illustrated	 by	 alliances	 and	
mergers	that	typify	some	industries	e.g.	technology	and	biotechnology.		
Although	 the	 idea	 that	 the	 evolution	 of	 industries	 is	 naturally	 speeding	 up	 -	 i.e.	 industry	
clockspeeds	are	getting	faster	-	is	not	a	new	one,	the	notion	that	slow-clockspeed	industries	can	
use	the	experiences	of	fruit	flies	to	guide	them	as	their	industry’s	clockspeed	increases	is	a	fresh	
perspective.	 Analysis	 of	 fruit	 flies	 enables	 managers	 and	 business	 leaders	 to	 see	 with	 greater	
accuracy	 and	 clarity	 the	 technology	 and	 market	 forces	 that	 will	 affect	 future	 needs.	 It	 is	 the	
understanding	 of	 these	 needs	 that	 makes	 it	 more	 likely	 that	 one	 can	 design	 superior	 quality	
supply	chains.		
Fine	urges	that	firms	must	not	just	focus	on	individual	capabilities	but	rather	on	strategic	thinking	
of	 the	 whole	 value	 chain.	 In	 fast	 clockspeed	 industries,	 individual	 capabilities	 can	 lose	 value	
overnight	due	to	the	activities	of	competitors	or	evolving	technologies;	while	some	technological	










it	 has	 always	 been	 a	 core	 tenet	 of	 the	 strategy	 field	 that	 long-term	 competitive	 advantage	 is	
attainable.	The	concept	of	long-term	competitive	advantage	suggests	that	it	is	possible	for	a	firm	
to	not	only	attain	but	maintain	a	strategic	advantage	over	rival	 firms	 in	 its	competitive	 industry	
through	the	acquisition	or	development	of	an	attribute	or	a	combination	of	attributes	that	allows	





film-based	 consumer	 camera	 industry	 (DiSalvo,	 2011).	 Since	 Fine	 introduced	 the	 notion	 of	
temporary	advantage,	 it	has	been	a	 topic	of	debate	within	 the	strategy	 field.	 In	addition	 to	 the	
works	of	O’Shannassy	 (2008),	 and	McGrath	and	Gourlay	 (2013),	 in	2008	 it	 resulted	 in	a	 call	 for	






their	 current	 capabilities	 and	 competitive	 advantage	 while	 also	 consciously	 and	 purposefully	
building	 new	 capabilities	 for	 the	 inevitable	 moment	 when	 the	 old	 ones	 no	 longer	 provide	 an	
advantage.	As	a	result,	the	strategic	planning	process	should	consist	of	trying	to	think	through	the	
company’s	 series	 of	 temporary	 advantages.	 In	 this	 climate,	 the	 only	 long-term	 competitive	
advantage	is	the	firm’s	ability	to	transition	from	one	temporary	advantage	to	the	next.	
1.1.3 SUSTAINABILITY:	THE	NEXT	SOURCE	OF	ADVANTAGE.	
For	 both	 prosperity	 and	 maintaining	 economic	 growth	 firms	 are	 increasingly	 aware	 of	 the	
importance	of	being	ahead	of	 the	next	so-called	 ‘waves’	of	 innovation.	Being	able	 to	accurately	
predict	 and	 prepare	 for	 the	 next	 wave	 of	 innovation	 gives	 firms	 the	 opportunity	 to	 become	
competitive	through	the	attainment	of	 the	 first	mover	advantage	(Lieberman	and	Montgomery,	
1988).	 For	a	wave	of	 innovation	 to	occur,	 a	 combination	of	a	 significant	array	of	 relatively	new	
and	 emerging	 technologies	 and	 a	 recognised	 genuine	 need	 in	 the	 market	 that	 is	 leading	 to	 a	
market	expansion	 is	required.	Today,	there	 is	a	critical	mass	of	enabling	technologies	that	make	
integrated	 approaches	 to	 sustainable	 development	 economically	 viable.	 Added	 to	 increased	
regulation	 through,	 for	 instance,	 the	 ratification	of	 the	Kyoto	Protocol,	 the	 formation	of	 the	EU	
Emissions	 Trading	 Scheme,	 and	 the	 EU	 directives	 on	 waste	 and	 hazardous	 substances,	 this	
suggests	 that	 the	 next	 wave	 of	 innovation	 will	 be	 in	 sustainable	 development	 (Hawken	 et	 al.,	
1999;	 Hargroves	 and	 Smith,	 2005).	 Figure	 1	 shows	 previous	 and	 predicted	 future	 waves	 of	
innovation.	 With	 the	 next	 industrial	 revolution	 predicted	 to	 driven	 by	 the	 emerging	 need	 for	
simultaneous	productivity	improvement	while	significantly	reducing	impacts	on	the	environment,	
firms	 that	 work	 to	 address	 sustainable	 development	 can	 position	 themselves	 to	 be	 at	 the	
forefront	of	the	next	wave	of	innovation.	In	their	2005	book	‘The	Natural	Advantage	of	Nations’,	
Hargroves	and	Smith	consolidate	the	work	of	over	thirty	world	leaders	in	sustainability	and	collect	
evidence	 from	 around	 the	 globe	 to	 show	 that	 the	 drive	 for	 a	 sustainable	 world	 is	 both	 an	
environmental	 imperative	 and	 a	 practical	 and	 potentially	 profitable	 necessity,	 which	 is	 already	
underway	and	not	always	in	conflict	with	economics	and	business	practice.	
Consequently,	 some	 organisations	 are	 enhancing	 their	 competitiveness	 through	 ENPD,	 which	
allows	 for	 the	 improvement	 of	 their	 environmental	 performance	 through	 the	mitigation	 of	 the	
environmental	 impact	 of	 their	 production	 and	 service	 activities.	 Many	 still	 consider	 trade-offs	
between	 social,	 environmental	 and	 economic	 goals	 as	 inevitable	 during	 ENPD	 however,	 this	






Regardless	 of	 a	 company’s	 motivations	 to	 produce	 environmentally	 competitive	 products,	
whether	it	lies	in	corporate	or	customer	value	proposition,	by	its	nature,	the	advantage	that	can	
be	 offered	 by	 creating	 environmentally	 competitive	 products	 is	 fleeting.	 This	 can	 be	 illustrated	
using	 the	Kano	model	of	 customer	 satisfaction	 (Ullman,	1997);	 the	model	 is	 shown	 in	 Figure	2.	
The	Kano	model	classifies	product	attributes	based	on	how	they	are	perceived	by	customers	and	
their	 effect	 on	 customer	 satisfaction.	 A	 competitive	 product	meets	 basic	 attributes,	maximises	
performance	 attributes	 and	 includes	 as	 many	 excitement	 attributes	 as	 possible	 at	 a	 cost	 the	
market	 can	 bear.	 Basic	 attributes	 are	 those	 that	 are	 expected,	 whose	 absence	 would	 cause	
dissatisfaction.	 Performance	 attributes	 are	 those	 for	 which	 more	 is	 better,	 and	 a	 better	
performance	 attribute	 will	 improve	 customer	 satisfaction.	 Lastly,	 excitement	 attributes	 are	





In	 a	 competitive	 marketplace	 where	 manufacturers’	 products	 provide	 similar	 performance,	
providing	excitement	attributes	that	address	 latent	needs	can	provide	a	competitive	advantage.	
When	 environmental	 performance	 attributes	 are	 classed	 as	 excitement	 attribute,	 they	 become	
attributes	 that	 are	 incorporated	 into	 products	 that	 are	 not	 necessarily	 at	 the	 forefront	 of	
customer	 considerations	 when	 they	 are	 looking	 to	 buy	 their	 products.	 One	 of	 the	 most	
challenging	 aspects	 of	 the	 Kano	 model	 is	 that	 it	 predicts	 that	 all	 features	 will	 migrate	 from	
excitement	 to	basic	 attributes.	 The	drift	 is	 driven	by	 customer	expectations	and	by	 the	 level	of	
performance	from	competing	products.	The	absence	of	that	attribute	would	now	be	a	frustration,	
meaning	new	excitement	features	need	to	be	discovered.	Today,	environmental	attributes	can	be	
distinguished	 as	 excitement	 features,	 tomorrow	 they	will	 become	 known	 features	 and	 the	 day	
after	 that	 they	 will	 become	 used	 throughout	 the	 market.	 Regardless	 of	 their	 classification,	
environmental	 attributes	 are	 set	 to	 be	 a	 constant	 product	 feature	 and	by	 adopting	 ENPD	early	
companies	 can	 reap	 the	 rewards	 of	 the	 competitive	 advantage	 that	 can	 be	 gained	 by	 offering	
them	as	excitement	features	before	that	advantage	is	eroded	as	they	become	basic	attributes.			
1.1.4 THREE	DIMENSIONAL	CONCURRENT	ENGINEERING	
Whilst	 Japanese	 manufacturing	 methods	 rose	 to	 prominence	 and	 proved	 superior	 to	 those	 of	
their	 western	 counterparts,	 in	 the	 1980s	 western	 manufacturers	 worked	 relentlessly	 to	
benchmark	 companies	 such	 as	 Sony	 and	 Toyota.	 By	 the	 early	 1990s,	 many	 had	 achieved	
breakthroughs	 in	 their	 understanding	 of	 competitive	 advantage	 through	 manufacturing.	 A	
significant	portion	of	 this	 learning	came	under	 the	heading	of	concurrent	engineering	or	design	
for	 manufacturing	 (DfM)	 (Fleischer	 and	 Liker,	 1997;	 Nevins	 and	 Whitney,	 1989;	 Ulrich	 and	
Eppinger,	 1994).	 Managers	 came	 to	 the	 realisation	 that,	 in	 order	 to	 achieve	 improved	
manufacturing	 performance,	 they	 had	 to	 stop	 focusing	 solely	 or	 primarily	 on	 the	 factory	 but	
rather	 shift	 to	 concurrently	 designing	 the	 product	 and	 the	 manufacturing	 process	 –	 that	 is,	
designing	the	product	for	manufacturability.	3DCE	is	an	extension	of	this	concept,	augmenting	the	
concurrent	 design	 and	 development	 of	 product	 and	manufacturing	 process	with	 that	 of	 supply	












You	may	 think	of	 your	 company	as	a	 solitary,	 stand-alone	entity	which	 is	 served	by	
subsidiary	organisations...	that	view,	however,	vastly	underestimates	the	importance	
of	 the	 supply	 chain	 as	 a	whole	 and	 fails	 to	 capture	 its	 true	 essence	–	 Charles	 Fine	
(1998)	
Under	 increasingly	 globally	 competitive	 conditions,	 as	 firms	 sought	 to	 attain	 long-term	 growth	
and	 profitability	 through	 the	 rapid	 introduction	 of	 new	 products,	 the	 product	 development	
process,	 an	 inherently	 collaborative	 activity	 between	 internal	 groups	 -	 such	 as	 engineering,	
marketing,	 manufacturing,	 sales	 and	 service	 -	 increased	 in	 complexity	 due	 to	 the	 addition	 of	
external	partners	-	such	as	subcontractors,	customers,	technology	suppliers	and	co-development	
partners)	(Rufat-Latre	et	al.,	2010;	Wagner	and	Hoegl,	2006).	This	decrease	in	vertical	integration,	
combined	with	 increasing	 globalisation	and	outsourcing,	 resulted	 in	 the	 growth	of	 supply	 chain	
management	(SCM)	which	places	great	emphasis	on	the	management	of	relationships	within	the	
supply	 chain;	 viewing	 the	 supply	 chain	 as	 more	 than	 just	 a	 logistic	 network	 comprising	 of	
interrelated	 companies	 built	 around	 delivering	 a	 specific	 product	 or	 service	 to	 the	 customer	
(Saeed	 et	 al.,	 2005).	 Through	 cooperation	 and	 information	 sharing,	 SCM	 coordinates	 different	
parties	within	the	network	and	establishes	business	partnerships	with	the	aim	of	achieving	overall	
and	 long-term	 benefits	 for	 all	 involved	 parties.	While	 product	 innovations	 can	 be	 matched	 by	
competitors,	 due	 to	 its	 more	 tacit	 nature,	 superior	 SCM	 is	 often	 able	 to	 offer	 a	 long-term	
advantage	(Fine,	1998;	Christensen,	2001).	It	can	be	seen	as	a	dynamic	capability	that	enables	the	
continuous	 strategic	 innovation	 that	 is	 necessary	 for	 the	 retention	of	 competitive	 advantage	 in	
disruptive	 environments,	 as	 long	 as	 the	 executing	 firm	 does	 not	 get	 exhausted	 by	 continuous	
transformation	and	innovation	or	get	complacent	by	success.	
Supply	chain	design	is	too	important	to	leave	to	chance	as	proactive	chain	design	will	





and	Wikinomics	 (Tapscott	and	Williams,	2008).	However,	 it	 is	 still	 an	 important	 fact	 that	 supply	
chains	 need	 to	 be	 continually	 re-engineered	 with	 an	 eye	 on	 financial	 analytics,	 and	 not	 just	
musically,	 and	 artistically	 orchestrated	 (Goldratt	 and	 Cox,	 1984;	 Davenport	 and	 Harris,	 2007;	
Ribbonfarm	Consulting,	 2007).	 Since	 its	 inception,	 3DCE	has	been	 credited	with	many	potential	
benefits,	 including	 reduced	 costs,	 reduced	 time	 to	 market,	 improved	 supplier	 integration	 and	




traditional	 focus	 on	 an	 appropriate	 match	 between	 product	 and	 process	 is	 augmented	 by	 an	
additional	 consideration	 of	 supply	 chain	 configuration.	 With	 concurrent	 engineering	 becoming	
commonplace	enough	to	no	longer	provide	a	source	of	competitive	advantage,	3DCE	promises	to	
offer	 organisations	 the	 next	 level	 of	 breakthrough	 in	 improving	 performance.	 The	 nature	 and	
state	of	3DCE	research	and	industry	implementation	is	such	that,	to	increase	its	adoptability	it	is	
necessary	to	add	to	the	existing	3DCE	theoretical	framework.	With	ENPD	being	traditional	product	
development	 with	 the	 added	 dimension	 of	 integrated	 environmental	 considerations,	 it	 can	 be	




As	 the	 main	 aim	 of	 ENPD	 is	 to	 reduce	 environmental	 impacts	 throughout	 all	 the	 stages	 of	 a	
product’s	 lifecycle;	 to	 achieve	 this,	 it	 is	 paramount	 to	 determine	 where	 those	 impacts	 occur.	
When	these	impacts	occur	in	the	supply	chain’s	operations	or	in	use	and	disposal	by	end	users	(as	
opposed	to	the	internal	manufacturing	phase),	supply	chain	management	(SCM)	becomes	one	of	
the	 key	 tasks	 in	 the	 implementation	 and	management	 of	 ENPD.	 This	 especially	 holds	 true	 for	
organisations	 at	 the	 end	 of	 the	 supply	 chain,	 organisations	 that	 do	 not	 typically	 have	 product	
design	 functions	 or	 carry	 out	 design	 only	 in	 relation	 to	 planning	 and	 design	 of	 facilities	 and	
operations.	Typically,	they	‘buy	in’	rather	than	manufacture	the	products	and	materials	that	they	
require.	Subsequently,	most	of	the	environmental	impacts	of	their	activities	reside	in	their	supply	
chains.	 For	 such	 companies,	 undertaking	 ENPD	 can	 be	 managed	 through	 SCM,	 with	 ENPD	
principles	and	methods	applied	to	specification	and	purchasing	rather	than	directly	in	the	product	
design	activities.	For	manufacturing	companies	with	a	product	design	function,	SCM	becomes	an	
important	 element	 or	 outcome	 of	 ENPD	 as	 there	 is	 a	 need	 to	 reduce	 the	 ‘bought-in’	
environmental	impacts	of	input	materials	and	components.	As	they	increasingly	‘contract-out’	or	
‘buy-in’	 components	 and	 subassemblies,	 design	 activities	 and	 product	 impacts	 are	 shifting	 to	




By	 viewing	 3DCE	 holistically,	 as	 a	 complex	 adaptive	 system	 and	with	 a	 particular	 emphasis	 on	
ENPD,	the	main	aim	of	this	project	 is	to	simultaneously	enhance	3DCE	research	and	its	practical	
implementation	 and	 to	 encourage	 SCM	 during	 the	 environmental	 new	 product	 development	
process.	This	will	be	achieved	through	the	accomplishment	of	the	following	aim:	
Explore	 and	 investigate	 the	 potential	 role	 and	 utilisation	 of	 the	 supply	 chain,	








chapters	 relate	 to	each	other	and	Figure	6	presents	an	 idealised	model	of	 the	 research	process	
that	 was	 undertaken,	 in	 reality,	 the	 complexities	 of	 researching	 in	 the	 real	 world	 means	 that	
research	 did	 not	 progress	 from	 identification	 of	 the	 research	 focus	 right	 through	 to	 the	
presentation	of	findings	in	a	nice	sequence	of	steps,	but	rather	it	was	necessary	to	revisit	previous	
stages	in	the	research	process.	Created	as	a	comprehensive	documentation	of	the	work	that	was	
undertaken	 during	 the	 36-month	 long	 research	 project,	 this	 thesis	 has	 been	 divided	 into	 parts	
that	coordinate	with	the	adopted	process	and	express,	not	necessarily	in	linear	form,	a	coherent	
argument	 or	 investigation.	 It	 aims	 to	 be	 a	 holistic	 demonstration	 of	 the	 skills,	 intellectual	
capabilities	and	scholarship	of	 the	research	student	and	to	show	the	structures	of	 reasoning	on	
which	 the	 research	 is	 based,	 not	 just	 a	 record	 of	 research	 done.	 Hence	 the	 research	 content	
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content	 of	 the	 field	 (Meredith,	 1993)	 and	 guides	 towards	 theory	 development.	 Through	 it,	 the	
researcher’s	critical	awareness	of	the	relevant	knowledge	in	the	field	is	demonstrated.	Given	the	
relatively	 immature	 level	of	3DCE	research	to	date,	 this	 literature	review	section	aims	to	create	
theoretical	corroboration	for	3DCE	by	drawing	on	literature	in	product	design,	process	design	and	
supply	 chain	 design.	 In	 addition	 to	 that,	 the	 connection	 between	 SCM	 and	 ENPD	 theory	 and	
practice	will	be	explored.		
The	 information	 that	 formed	 the	 basis	 of	 this	 literature	 review	 was	 acquired,	 analysed	 and	
synthesised	 using	 the	 ‘touring	 and	 camping’	 method	 suggested	 by	 Hart	 (2001),	 presented	 in	
Figure	7.	The	set	of	skills	outlined	in	Table	1,	were	utilised	throughout	the	review	process,	as	they	
ensure	critical	engagement	with	the	literature.		













































































century	 and,	 since	 then,	 academics	 and	 practitioners	 have	 contributed	 to	 understanding	
managing	sustainability	 in	businesses,	 from	both	environmental	and	social	perspectives.	Twenty	
years	ago,	the	challenge	of	responding	appropriately	to	environmental	concerns	was	becoming	a	




1994).	 Porter	 and	 van	 der	 Linde	 (1995)	 argued	 that	 there	 was	 an	 underlying	 logic	 linking	 the	
environment,	 innovation,	 resource	 productivity,	 and	 competitiveness;	 while,	 Menon	 (1997)	
claimed	 that	 there	was	an	emerging	 consensus	among	business	 leaders	 that	 the	goals	of	 social	
good	 and	 business	 success	 were	 no	 longer	 an	 either/or	 proposition	 but	 are	 being	 increasingly	
interwoven	into	an	‘‘eco-preneuring’’	paradigm.	They	were	urging	that	the	effective	development	
of	 new,	 environmentally	 improved	 (or	 greener)	 products	 would	 clearly	 be	 crucial	 in	 creating	
successful	environmental	strategies,	and	 in	helping	to	move	companies	and	economies	 towards	
environmental	sustainability.	
Over	 the	decades,	 interest	 in	managing	 the	 sustainability	of	 their	operations,	 supply	 chain,	 and	
products	 has	 grown	amongst	manufacturing	 firms	 as	 pressure	 from	government	 and	 society	 to	
deal	 with	 factors	 contributing	 to	 global	 warming,	 the	 scarcity	 of	 raw	 materials,	 and	 the	
deterioration	of	human	rights	continues	to	rise	(Seuring,	2004;	Porritt,	2007).	External	incentives	
and	 pressures,	 such	 as	 environmental	 laws	 and	 regulations,	 customer	 demand	 for	 sustainable	
goods	 and	 services,	 and	 pressure	 from	 environmental	 interest	 groups,	 seem	 to	 compel	
organizations	 to	 take	 appropriate	 actions	 and	 manage	 their	 sustainability;	 and	 the	 literature	
suggests	 these	 are	 the	 primary	 determinants	 of	 manufacturers	 increasingly	 managing	
sustainability	(Alblas	et	al.,	2014).		
Literature	offers	a	multitude	of	theories	and	studies	on	the	management	of	sustainability,	varying	
from	 high-level	 general	 management	 strategies	 (Baumgartner	 and	 Ebner,	 2010;	 Epstein,	 2008;	
Waage,	 2007b)	 to	more	detailed	methods	 for	 addressing	 specific	problems.	 The	 latter	 category	
includes	 methods	 for	 the	 design	 for	 environment	 (DfE)	 concept	 (Srivastava,	 2007b),	 design-
oriented	work	for	green	operations	and	green	supply	chain	management	(Sarkis,	2001b;	Sarkis	et	
al.,	 2011;	 Seuring	 and	Mueller,	 2008),	 and	 tools	 and	metrics	 that	 can	 be	 used	 to	make	 design	
decisions	more	sustainable	(Robert	et	al.,	2002;	Waage	et	al.,	2005).	
Despite	all	 this	 research,	 companies	 still	 face	great	difficulties	 in	managing	 sustainability.	While	
this	problem	is	acknowledged	 in	the	 literature	(Sroufe	et	al.,	2000b;	Seuring	and	Mueller,	2008;	
Dangelico	and	Pujari,	2010;	Driessen	et	al.,	2013),	existing	contributions	provide	limited	overviews	
of	 general	 difficulties	 and	 challenges	 in	 managing	 sustainability,	 such	 as	 cost	 implications,	
inadequate	 knowledge	 and	 skills,	 ambiguous	 laws	 and	 regulations,	 and	 the	 complexity	 of	






suggesting	 that	 strong	 asset	 and	 financial	 capabilities	 are	 relevant	 pre-conditions	 for	 the	
development	of	eco-innovativeness	and	 that	 there	 is	a	need	 for	environmental	policy	 to	 create	
clear	incentives	for	organisations	to	increase	activities	in	that	area.	
Even	as	firms	are	being	increasingly	urged	to	develop	green	products,	industry	remains	slow	to	act	
upon	 such	 initiatives.	 Richey	 et	 al.	 (2014)	 investigated	 the	 impact	 of	 green	 initiatives	 on	 firm	
performance	and	how	 the	 related	commitment	of	 resources	 impacts	 the	effectiveness	of	 those	
initiatives.	 Using	 multi-source	 data,	 their	 findings	 suggest	 that	 the	 commitment	 of	 proper	
resources	is	critical	to	the	success	of	any	green	initiative	and	also	supports	the	notion	that	being	
the	 first	 firm	 in	 an	 industry	 to	 initiate	 a	 green	 program	 provides	 few	 tangible	 benefits.	 But	
perhaps	more	 importantly,	 even	 firms	with	 an	 environmental	 focus	 neglect	 to	 realise	 superior	
performance	 unless	 the	 specific	 strategy	 is	 matched	 with	 consistent	 support	 from	 top	
management.	
The	 debate	 regarding	 the	 potential	 for	 firms	 to	 be	 “green	 and	 competitive’	 by	 examining	 the	
relationship	 between	 ENPD	 activities	 and	market	 and	 eco-performance	 for	 environmental	 new	
products,	 Pujari	 et	 al.	 (2003)	 went	 beyond	 the	 anecdotal	 evidence	 in	 the	 extant	 literature,	 to	
empirically	research	ENPD	activities	and	their	impacts	and	were	able	to	show	that,	contrary	to	the	




it	met	 the	 same	 performance	 standards	 as	 a	 non-green	 alternative.	 However,	 as	 the	 premium	
increased	 the	 willingness	 to	 pay	 diminished,	 less	 than	 10%	 of	 the	 customers	 said	 they	 would	
choose	green	products	 if	the	premium	rose	to	25	percent	(Miremadi	et	al.,	2012).	 In	a	different	
study,	Nielsen	found	that	66%	of	consumers	were	willing	to	pay	extra	for	products	and	services	
that	 come	 from	 companies	who	 are	 committed	 to	 positive	 social	 and	 environmental	 impact;	 a	
sizable	jump	from	the	two	previous	years	at	55%	and	50%,	respectively	(Nielsen,	2015).	However,	









Coupled	with	 the	emerging	need	 for	 simultaneous	productivity	 improvement	while	 significantly	
reducing	 impacts	 on	 the	 environment,	 new	 product	 development	 can	 be	 viewed	 as	 a	 critical	
process	 to	 improving	 a	 company’s	 competitiveness.	 As	 environmental	 impacts	 generated	
throughout	 the	 product	 lifecycle	 are	 significantly	 determined	 during	 the	 early	 phase	 of	 its	
development,	 NPD	 plays	 a	 crucial	 role	 in	 enhancing	 the	 environmental	 performance	 of	 new	
products.	 The	 logic	within	 its	 approach	means	 that	 ENPD	 is	 not	 a	 radically	 different	 process	 to	
conventional	NPD,	 but	 involves	 adding	 a	 further	 level	 of	 complexity	 into	 the	NPD	process.	 This	
process	must	 continue	 to	deliver	 core	benefits	 to	 customers,	while	also	addressing	 stakeholder	
needs	for	improved	eco-performance,	and	manage	any	necessary	trade-offs	with	existing	core	or	






































quality	 including	 eco-performance.	 ENPD	 requires	 a	 detailed	
understanding	 of	 the	 socio-environmental	 impacts	 of	 the	 whole	
supply	chain,	down	 to	 the	simplest	 ingredient,	which	may	previously	
have	 been	 perceived	 as	 standardized	 and	 unlikely	 to	 pose	 quality	
problems.	Concern	for	the	environmental	impacts	of	suppliers	can	be	
seen	 in	 the	 introduction	 of	 the	 ISO	 14000	 series	 of	 environmental	
management	systems	(EMS)	and	quality	standards	to	complement	the	

















Product	 design	 focuses	 the	 products	 specifications	 and	
can	include	activities	of	architectural	choices	and	detailed	
design	choices.		
(Koufteros	 et	 al.,	 2005;	
Brown	 and	 Eisenhardt,	 1995;	
Safizadeh	et	al.,	1996)	
PROCESS	DESIGN	
Process	 design	 deals	 with	 methods	 that	 will	 be	 used	 to	
manufacture	 the	 product	 and	 can	 include	 the	
development	of	unit	processes	and	manufacturing	system	
development.		
(Ulrich	 and	 Eppinger,	 1994;	




Supply	 chain	 design	 can	 be	 divided	 into	 supply	 chain	
architecture	 decisions	 and	 logistics	 systems	 decisions.	 It	
considers	in-sourcing	and	outsourcing,	logistical	channels,	
customers,	 suppliers	 and	 the	 types	 of	 relationships	 an	
organisation	has	with	members	of	its	supply	chain.			
(Parker	 and	 Anderson,	 2002;	
Liker	 and	Choi,	 2004;	Choi	 et	









include	 customers	and	 suppliers	 (Birou	and	Fawcett,	 1994;	Blackburn	 et	al.,	 1996;	 Swink,	1998;	
Koufteros	 et	 al.,	 2002).	 Due	 to	 the	 many	 of	 its	 benefits	 being	 demonstrated,	 the	 adoption	 of	
concurrent	engineering	techniques	has	become	commonplace	enough	that	it	no	longer	provides	a	
source	of	competitive	advantage	(Fine,	1998).	Resultantly,	organisations	are	looking	for	the	next	
level	 of	 breakthrough	 in	 improving	 performance.	Moving	 past	 concurrent	 engineering,	 3DCE	 is	
defined	 as:	 “…	 the	 simultaneous	 development	 of	 products,	 processes	 and	 supply	 chains”	 (Fine,	
1998),	including:	“…	the	concurrent	design	and	development	of	capabilities	chains.”		
In	 his	 study	 on	 determining	 the	 right	 supply	 chain	 for	 your	 product,	 Fisher	 (1997)	 found	 that	
increased	 costs	 and	 adversarial	 supply	 chain	 relationships	 could	 result	 from	 the	 improper	
integration	of	product,	process	and	supply	chain	design.	In	his	research	he	established	that	it	was	
necessary	 to	 match	 the	 supply	 chain	 design	 (responsive	 or	 efficient)	 to	 the	 type	 of	 product	




with	 product	 design	 and	 production	 planning,	 thus	 creating	 3DCE,	 have	 been	 limited,	 their	
number	has	been	steadily	increasing	with	time.	
In	 their	work,	 Feng	 et	 al.	 (2001)	 developed	 a	 stochastic	 programming	model	 to	 determine	 the	
tolerances	 of	 product	 design	 and	 selection	 of	 suppliers,	 simultaneously,	 based	 on	 quality	 loss.	





they	 developed	 a	 conceptual	 model	 to	 integrate	 suppliers	 under	 technological	 uncertainty	





ESI,	 to	 product	 and	 process	 improves	 overall	 design	 and	 financial	 performance.	 This	 provides	
preliminary	 evidence	 that	 a	 competitive	 advantage	 can	 be	 attained	 through	 the	 decisions	
regarding	 the	 product-process-supply	 chain	 integration.	 In	 a	 similar	 study,	 Huang	 et	 al.	 (2005)	
integrated	 platform	 product	 decisions,	 manufacturing	 process	 decisions,	 and	 supply	 sourcing	
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decisions.	 Using	 a	 mathematical	 model	 to	 quantify	 the	 relationships	 among	 various	 design	









between	 product	 structure	 (modular	 and	 integral)	 and	 supply	 chain	 structures	 (modular	 and	
integral).	 Using	 a	 short	 network	 approach,	 by	 considering	 decisions	 concerning	 product	 design	
and	the	manufacturing	process	and	the	impact	of	such	decisions	on	the	supply	chain,	Blackhurst	
et	al.	(2005)	were	able	to	develop	a	Product	Chain	Decision	Model	(PCDM).	Thomas,	McKay,	and	
Pennington	 (2006)	 reported	 information	 requirements	 that	 need	 to	 be	met	 by	 using	 tools	 and	
techniques	to	support	the	execution	of	3DCE	processes.	
Ellram	 and	 Stanley	 (2008)	 explored	 the	 integration	 of	 strategic	 cost	management	 with	 a	 3DCE	
environment	 and	 concluded	 that	 this	 integration	 can	 result	 in	 higher	 levels	 of	 company	
performance	 and	 competitiveness.	 In	 another	 investigation,	 they	 used	 the	 3DCE	 approach	 to	
integrate	ERM	and	NPD	and	investigated	positive	effects	of	this	 integration	(Ellram	et	al.,	2008).	
Through	 an	 extended	 house	 of	 quality,	 Tchidi	 and	 He	 (2010)	 introduced	 an	 expended	 quality	
function	deployment	process	in	a	3DCE	environment	that	transforms	customer	requirements	into	
product	 design,	 process	 design	 and	 supply	 chain	 design.	 In	more	 recent	works,	 Shidpour	 et	 al.	
(2013)	use	a	Multi-Objective	Linear	Programming	(MOLP)	model	integrated	to	the	Technique	for	
Order	 of	 Preference	 by	 Similarity	 to	 Ideal	 Solution	 (TOPSIS)	method	 in	 order	 to	 determine	 the	
best	configuration	product	design,	assembly	process	and	suppliers	of	components	and	Rudrajeet	





Exploring	 the	 linkages	 between	 the	 base	 concepts	 that	 make	 up	 3DCE	 offers	 a	 good	 way	 of	












innovation	 or	 quality	 focus	 (O'Leary-Kelly	 and	 Flores,	 2002)	 and	 results	 in	 operational	 benefits	
such	 as	 reduced	 time	 to	 market,	 cost	 reduction,	 risk	 reduction,	 quality	 improvement	 and	
customer	satisfaction	that	may	lead	to	the	ability	to	exact	higher	profits	(Balasubramanian,	2001;	
Koufteros	et	al.,	2002).	Arguably,	it	can	also	speed	up	the	product	development	process,	leading	
to	 a	 competitive	 advantage	 through	 higher	 profits,	 improved	market	 share,	 and	 an	 increase	 in	
	 18	











best	 type	 of	 manufacturing	 process,	
the	products	volume	and	the	nature	of	
the	 product.	 Effectively	 linking	 these	
has	been	shown	empirically	to	improve	














Links	 the	 process	 of	 product	
development,	 technology,	
organisational	 structure	 and	
communication	 channels	 to	 superior	
product	 development	 performance	 in	
the	 areas	 of	 time	 to	 market,	
development	 and	 product	 costs,	




















In	 the	 3DCE	 model,	 the	 supply	 chain/product	 overlap	 relates	 to	 product	 architecture	 and	 the	
make/buy	decision.	This	can	be	seen	to	relate	to	integrating	the	following	into	the	design	process:	
early	 supplier	 involvement	 (ESI),	 listening	 to	 the	voice	of	 the	customer	and	distribution	channel	
design.	Table	5	summarises	supply	chain/product	literature	and	highlights	its	links	to	3DCE.		
The	key	to	business	success	is	to	continually	deliver	products	that	satisfy	customers	through	the	





Of	 the	 various	 new	 product	 development	 collaboration	 strategies	 a	 firm	 can	 adopt	 (e.g.	




has	 a	 positive	 impact	 on	 flexibility	 (Imai	 et	 al.,	 1985;	 Clark	 and	 Fujimoto,	 1991;	Nishiguchi	 and	
Ikeda,	 1996)	 and	 has	 been	 reported	 to	 be	 beneficial	 with	 regards	 to	 product	 effectiveness	
(product	 quality	 and	 cost),	 project	 efficiency	 (product	 development	 time	 and	 project	 cost)	
(Johnsen,	 2009;	 Fujimoto	 et	 al.,	 1996;	 Dyer	 and	 Singh,	 1998)	 and	 is	 seen	 as	 a	 source	 of	
competitive	advantage	(Oh	and	Rhee,	2010;	Birou	and	Fawcett,	1994;	Clark,	1989)	that	 leads	to	
profitability	(Birou	and	Fawcett,	1994),	improved	market	adaptability	(Song	and	Parry,	1997)	and	
the	 development	 of	 new	 concepts	 and	 technologies	 (Langner	 and	 Seidel,	 2009).	 Due	 to	 the	
important	 role	 that	suppliers	play,	 supplier	 selection	 is	of	 the	upmost	 importance	and	suppliers	
should	 be	 selected	 based	 on	 their	 technical	 superiority	 and	 cooperativeness	 with	 the	 aim	 of	
creating	close	working	relationships	(Hakanson,	1993).		
Fine	 advocates	 that	 there	 is	 a	 definitive	 fit	 between	 product	 characteristics	 and	 supply	 chain	
structure;	both	downstream	and	upstream	members	play	an	important	role.	Marketing	channels	
research	 has	 examined	 the	 fit	 between	 product	 characteristics	 and	 supply	 chain	 structure	
	 19	
(Bowersox,	1969;	Anderson	and	Schmittlein,	1984;	Williamson,	1975;	John	and	Weitz,	1988;	Klein	
et	 al.,	 1990)	 and	 the	 fit	 between	 product	 characteristics	 and	 the	 design	 of	 the	 downstream	





















(Morash	 et	 al.,	 1996;	 Ettlie,	
1997;	Burchill	and	Fine,	1997;	
Swink,	 1998;	 Keller,	 1999;	
Christopher	and	Towill,	2001,	



























(Birou	 and	 Fawcett,	 1994;	
Asmus	 and	 Griffin,	 1993;	
Clark,	 1989;	 Dyer,	 1996;	
Hartley	et	al.,	1997;	Culley	et	
al.,	 1999;	 Gadde	 and	




et	 al.,	 2010;	 Langner	 and	





















1985;	 John	 and	Weitz,	 1988;	
Johne	and	Snelson,	1988;	Rao	





control	 processes,	 with	 regards	 to	 the	 quantity	 of	 inventory	 that	 will	 be	 kept	 throughout	 the	
supply	chain	and	where	it	will	be	stored	(Evers	and	Beier,	1998);	logistics	systems,	such	as	types	of	
transportation	 and	 their	 impact	 on	 the	 supply	 chain	 (Carter	 and	 Ferrin,	 1995);	 information	
exchange	 and	 information	 technology	 (Fine,	 1998;	 Kopczak	 and	 Johnson,	 2003);	 and	
manufacturing	 processes	 that	 convert	 raw	 materials	 into	 components	 and	 finished	 products	
(Childerhouse	 and	 Aitkey,	 2000;	 Lee,	 2002).	 Through	 the	 proper	 integration	 of	 manufacturing,	
inventory,	 logistics	 and	 information	 processes	 in	 the	 supply	 chain,	 inventory	 levels	 can	 be	
minimised,	accuracy	of	information	increased,	channels	of	distribution	and	supplier	and	customer	
relationships	 improved	and	opportunities	 for	 revenue	enhancement	 created.	 It	 has	been	 found	
that	agility	 in	 information,	 logistics	and	 inventory	systems	within	 the	supply	chain	play	a	crucial	

































et	 al.,	 2003;	 Davis,	 1993;	
Carter	and	Ferrin,	1995;	Evers	
and	 Beier,	 1998;	 Fine,	 1998;	
Jain	 et	 al.,	 1991;	 Krajewski	
and	 Wei,	 2001;	 Christopher	
and	 Towill,	 2001,	 2002;	
Childerhouse	 and	 Aitkey,	
2000;	 Lee,	 2002;	Moinzadeh,	
2002;	 Kopczak	 and	 Johnson,	
2003)	
2.1.4 ENVIRONMENTAL	3DCE	
Fine	 (1998)	 pointed	 out	 that	 product	 development	 time	 can	 be	 reduced	 through	 3DCE	 based	
practices,	 while	 still	 attaining	 competitiveness	 in	 cost,	 quality	 and	 features.	 In	 addition	 to	
supporting	 traditional	 product	 development	 goals,	 3DCE	 has	 the	 potential	 to	 support	
organisational	goals	of	creating	more	environmentally	responsible	products,	processes	and	supply	
chains	 -	 which	 this	 research	 project	 investigates	 further.	 As	 is	 currently	 common	 eco-design	





Just	 as	 3DCE	 can	 be	 broken	 down	 into	 its	 three	 foundation	 concepts	 (product-process-supply	
chain),	environmental	three	dimensional	concurrent	engineering	(E-3DCE),	which	is	3DCE	with	the	
added	 element	 of	 environmental	 considerations,	 can	 also	 be	 broken	 down	 into	 three	 founding	
concepts	 as	 shown	 in	 Figure	 9.	 E-3DCE	 can	 be	 seen	 as	 being	 made	 up	 of	 eco-design,	
environmentally	responsible	manufacturing	(ERM)	and	green	supply	chain	design	(GSCD);	Figure	



















(product,	 process	 and	 supply	 chain	 design)	 transition	 to	 the	 environmentally	 focused	 E-3DCE	
founding	concepts	(eco-design,	ERM	and	GSCD).		
Product	Design	vs.	Eco-Design	
While	product	design	 in	 the	 traditional	product	development	process	 focuses	on	 issues	 such	as	





more	 consistent	 quality	 and	 greater	 scrap	 value	 (Porter	 and	 van	 der	 Linde,	 1995).	 Eco-design	
takes	 a	 life	 cycle	 view,	 focusing	 improvement	 efforts	 on	 the	 areas	 of	 greatest	 environmental	





also	have	to	 focus	on	processes	that	reduce	waste.	 In	 this	case,	waste	 is	defined	as	any	activity	
that	creates	additional	costs	for	the	organization	or	consumes	any	type	of	resources	without	an	
offsetting	 benefit	 (Carter	 and	 Ellram,	 2003;	 Safizadeh	 et	 al.,	 1996)	 and	 its	 reduction	 can	 be	
accomplished	through	production	process	changes,	operational	improvements	that	reduce	waste,	
and	improved	inventory	management	(Angell	and	Klassen,	1994;	Sarkis	and	Rasheed,	1995;	Starik	
and	 Rands,	 1995;	 Sabatini,	 2000).	 Adopting	 ERM	 can	 lead	 to	 improved	 process	 consistency,	
reduced	downtime,	and	 lower	 costs	 (Porter	and	van	der	 Linde,	1995)	while	 recyclable	products	




buy	 decision,	 green	 supply	 chain	 design	 has	 extra	 initiatives	 that	 focus	 on	 the	 firm’s	 activities	
outside	the	 firm’s	boundaries.	The	main	objective	of	green	supply	chain	design	 is	 to	extend	the	
firms	 environmentally	 conscious	 practices	 to	 its	 supply	 chain	 in	 both	 up	 and	 downstream	














Eco-design	 takes	 a	 lifecycle	 view	 and	 focuses	 on	
making	a	product	that	uses	environmentally	friendly	
materials,	 fewer	 materials	 and	 mixes	 fewer	
materials	together.	
(O’Brien,	 1999;	 Waage,	 2007a;	
Shrivastava,	 1995;	 Porter	 and	 van	
der	 Linde,	 1995;	 Sarkis	 and	
Rasheed,	 1995;	 De	 Ron,	 1998;	




Involves	 the	 reduction	 of	 the	 source	 of	 waste	
through	production	process	and	operational	process	
changes	including	improved	inventory	management,	
procurement,	 and	 transportation.	 A	 sustainable	
process	 focus	 may	 result	 in	 improved	 process	
consistency	 and	 quality,	 reduced	 downtime,	 lower	
costs	and	lower	waste.		
(Sarkis	 and	 Rasheed,	 1995;	 Starik	
and	 Rands,	 1995;	 Sabatini,	 2000;	
Angell	 and	 Klassen,	 1994;	 Porter	
and	van	der	Linde,	1995;	Walton	et	
al.,	 1998;	 Pil	 and	 Rothenberg,	
2003;	 Pohlen	 and	 Farris,	 1992;	




Focus	on	 the	 impact	of	 the	 firm’s	activities	outside	
of	 the	 firm’s	 boundaries	 including	 supplier	
involvement,	 evaluation,	 and	 audit,	 customer	
demands	 and	 concerns,	 stakeholder	 perspectives,	
ESI,	and	improved	demand	information.	
Consider	 the	 impact	 of	 incoming	 components	 as	
well	as	outgoing	products.	
(Klassen	 and	 McLaughlin,	 1993;	
Min	 and	Galle,	 1997;	 Sarkis,	 2003;	
Rao	and	Holt,	 2005;	Walton	 et	 al.,	
1998;	 Carter	 and	 Narasimhan,	






Sustainable	 products	 and	 processes	 are	 designed	
simultaneously	 with	 supply	 chain	 member	
participation	while	giving	consideration	to	the	entire	
product	lifecycle,	from	birth	to	regeneration.	
Conceptual	 benefits	 of	 integrating	 3DCE	 and	
sustainability	 include	 reduced	 operating	 costs,	
competitive	 advantage,	 differentiation,	 improved	
image,	reduced	risks,	and	reduced	compliance	costs.	
(Starik	 and	 Rands,	 1995;	
Shrivastava,	 1995;	 Sarkis,	 2003;	
Hart,	 1995a;	Maxwell	 and	 van	 der	




Through	 the	 comparison	 of	 literature	 related	 to	 3DCE	 concepts	 in	 the	 mainstream	 operations	
literature	 and	 in	 environmental	 literature,	 Ellram	 et	 al.	 (2008)	 noticed	 that	 despite	 the	 two	
streams	developing	with	many	parallels,	there	have	been	limited	overlaps.	Literature	supporting	
3DCE	 concepts	 focuses	 on	 traditional	 NPD	 performance	 improvements	 such	 as	 cost	 reduction,	
cycle	 time	reduction,	and	 inventory	 reduction	while	 literature	 focused	on	 the	base	components	
within	E-3DCE	focuses	on	reduction	of	environmental	impacts	and	improvement	of	environmental	
performance.	Where	environmental	 impacts	and	traditional	manufacturing	goals	such	as	quality	
have	 been	 studied	 together	 and	 applied	 in	 practice,	 it	 has	 been	 demonstrated	 that	 an	
environmental	focus	contributes	to	improved	quality	(Pil	and	Rothenberg,	2003).	
The	 extensive	 overlap	 in	 approaches	 used	 to	 facilitate	 NPD	 and	 environmental	 considerations	
within	 the	 supply	 chain	 suggests	 that	 there	 is	 great	 potential	 for	 synergy	 from	 simultaneously	
considering	 traditional	 performance	 issues	 and	 environmental	 performance	 issues	 and	 in	
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embracing	 3DCE	 concepts.	 Initially,	 most	 organisations	 viewed,	 treated	 and	 managed	
environmental	goals	and	traditional	product	environment	goals	separately	(Handfield	et	al.,	2001;	
Handfield	 et	 al.,	 2002),	 resulting	 in	 redundancy	 in	 the	 system	 and	 the	 duplication	 of	 efforts.	
However,	 this	 changed	 as	 organisations	 adopted	 a	 view	 that	 was	 more	 in	 accordance	 with	
ISO1400	–	the	view	that	ENPD	involves	the	introduction	and	integration	of	environmental	criteria	
within	 an	 existing	 system	 (ISO,	 2011).	 Thus	 ENPD	 is	 viewed	 as	 both	 process-based,	 as	
environmental	considerations	are	incorporated	within	the	decision	making	process,	and	product-
based,	 as	 physical	 adaptations	 are	 made	 to	 a	 product	 to	 reduce	 its	 environmental	 impacts	
(Ammenberg	and	Sundin,	2005).	Duetz	et	al.	(2013)	reviewed	eco-design	in	the	UK	manufacturing	
industry	 and	 found	 that	 the	 product	 development	 process	 is	 dependent	 on	 the	 product	 and	
organisation	making	it;	while	White	et	al	(2008)	in	their	study	on	approaches	to	sustainable	design	
came	to	the	conclusion	that	the	integration	of	environmental	aspects	must	be	achieved	across	the	
multi-disciplinary	 product	 development	 process.	 The	 literature	 shows	 that	 there	 is	 a	 growing	
interest	in	more	integrated	approaches,	making	E3DCE	worth	investigating.		
2.2 THEORY	AND	PRACTICE	
Broadly	 speaking,	 this	 research	 project	 aims	 to	 investigate	 the	 relative	 effects	 of	 supply	 chain	
design	 and	 supply	 chain	 information	 sharing	 within	 ENPD.	 Resultantly,	 following	 on	 from	 the	
understanding	 attained	 in	 the	 previous	 section,	 this	 section	 delves	 into	 the	 context	 in	 which	





Multiple	 definitions	 of	 the	 product	 development	 process	 exist,	 based	 on	 modifications	 to	
definition	 proposed	 by	 Ulrich	 and	 Eppinger	 (1994),	 the	 following	 rounded	 definition	 is	 put	
forward:		
“A	 systematic	 series	 of	 steps	 or	 stages,	 composed	 of	 activities	 or	 tasks	 and	
supported	by	tools	and	techniques,	for	converting	ideas	into	products	of	perceived	
value;	 typically	 beginning	 with	 the	 identification	 of	 a	 market	 opportunity	 and	




recycling,	 and	 disposing	 of	 the	 product	 -	 (Baumann	 et	 al.,	 2002).	 This	 context	 within	 which	
product	development	occurs	can	be	divided	 into	three	different	 levels.	The	first	 level	deals	with	
the	product	design	and	development	phase	of	the	product	development	process	and	its	tools.	The	






always	 discrete	 and	 distinct.	 To	 satisfy	 customer	 needs,	 the	 development	 of	 a	 product	 can	 be	
initiated,	 executed	 and	 concluded	 in	 numerous	 ways.	 A	 product	 development	 process	 is	













































































































PRODUCT DEVELOPMENT PROPOSAL 
PHASE 0
Overlap between phases allows for 
flexibility and rapid response to 
market and technology changes
CONTINUOUS IMPROVEMENT PROJECTS 
(Products in production and in field)
PHASE 3 
PRODUCT DESIGN AND DEVELOPMENT 
PHASE 2 




FEASIBILITY AND BUSINESS CASE 
PHASE 5 
COMMERCIALISATION AND PRODUCTION 
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Although	 traditionally,	 the	 design	 process	 itself	 consumes	 few	 resources,	 about	 15%	 of	
manufacturing	 costs,	 it	 is	 responsible	 for	 committing	 the	 remaining	 85%;	 in	 a	 wider	 context,	
product	 design	 might	 be	 considered	 responsible	 for	 most,	 if	 not	 all,	 environmental	 impacts	
(Knight	and	Jenkins,	2009).	Resultantly,	sustainable	product	design	is	considered	one	of	the	most	
important	 practices	 for	 achieving	 sustainability	 (Chen	 et	 al.,	 2012;	 Lindahl,	 2006;	 Lewis	 and	
Gertsakis,	2001;	BSI,	2002).	In	the	specific	case	of	the	design	process,	this	involves	the	adoption	of	
‘eco-design’	 or	 ‘design	 for	 environment’	 techniques.	 Through	 eco-design,	 environmental	
considerations	can	be	introduced	early	in	the	product	design	process,	allowing	for	the	reduction	
of	 environmental	 impacts	 (Cerdan,	 2009).	 Eco-design	 can	 be	 defined	 as	 ‘‘the	 systematic	
integration	 of	 environmental	 considerations	 into	 product	 and	 process	 design’’	 (Knight	 and	
Jenkins,	 2009).	 Eco-design	 adopts	 a	 product	 lifecycle	 perspective	 where	 the	 product	 being	
designed	is	evaluated	from	the	cradle	(raw	material	extraction)	to	the	grave	(disposal	of	product	
at	 end-of-life).	 Eco-design	differs	 from	 ‘design	 for	 the	environment’	 in	 that	 it	 represents	 a	 shift	
from	 waste	 management	 and	 end-of-pipe	 solutions	 to	 a	 focus	 on	 the	 products	 themselves	







their	 entire	 life	 cycles’’	 (ISO/TR14062,	 clause	 4),	 it	 should	 be	 noted	 that	 it	 only	 adds	
environmental	 considerations	 to	 product	 design	 and	 stops	 short	 of	 full	 sustainable	 design;	
sustainable	design	 incorporates	social	and	ethical	aspects	 (Maxwell	et	al.,	2006).	Understanding	
of	what	eco-design	actually	 is	 in	practice	has	now	developed	to	 the	point	where	 it	has	 recently	
been	described	as	‘‘not	a	specific	method	or	tool’’	but	rather	a	‘‘way	of	thinking	and	analysing.’’	
(Lindahl,	2006).	In	practice,	this	way	of	thinking	and	analysing	takes	various	eco-design	methods,	

















improved	 upon	 by	 applying	 appropriate	 eco-design	 methods	 and	 tools,	 the	 scope	 of	 which	
depends	 to	a	 large	extent	on	 the	 specific	objectives	of	 the	 company	 (Cerdan,	2009;	Knight	and	
Jenkins,	2009).	Within	the	field	of	eco-design	research	the	terms	“tool”	and	“methods”	are	often	
used	 interchangeably	 and	 are	 typically	 used	 to	 describe	 any	 systematic	 means	 to	 deal	 with	





Since	 the	 early	 1990s,	 various	 methods	 and	 tools	 have	 been	 developed	 to	 evaluate	 the	
environmental	 impact	of	products	and	 to	 improve	 the	development	process	and	environmental	
performance	of	products.	There	 is	a	 large	body	of	scientific	 literature	devoted	to	discussing	 the	
different	 viable	 methods	 and	 tools	 for	 eco-design.	 Comprehensive	 reviews	 of	 these	 tools	 are	




















its	 life	 it	 can	be	easily,	 cost-effectively	and	 rapidly	 taken	apart	and	 its	
components	used	in	new	products	(Zwolinski	et	al.,	2006).	
Design	for	Recycling	–	designing	a	product	so	that	at	the	end	of	its	life	it	


































Lifecycle	 Assessment	 (LCA)	 –	 process	 to	 analyse	 the	 environmental	
burdens	 associated	 with	 the	 entire	 life	 cycle	 of	 a	 product	 or	 service,	

















establish	 an	 eco-design	 concept	 of	 a	 product	 and	 its	 life	 cycle	 by	



















The	 Access-Bridge-Create-Diffuse	 (A-B-C-D)	 Framework	 –	 eco-design	
implementation	best	practices	(White	et	al.,	2008).	
Product	 Oriented	 Environmental	 Management	 Systems	 (POEMS)	 –	








Eco-Roadmap	 –	 a	 graphical	 tool	 that	 captures	 short-	 and	 long-term	
environmental	 drivers	 and	 customer	 requirements	 in	 one	 document	
(Donnelly	et	al.,	2006).	



















While	 the	 other	 tools	 can	 be	 relatively	 easy	 to	 use,	 the	 software	 and	 expert	 systems	 that	 are	
currently	 available	 are	 either	 too	 qualitative/subjective	 to	 be	 used	 by	 designers	 with	 limited	
experience,	 or	 too	 quantitative,	 costly	 and	 time	 consuming	 (Sakao	 et	 al.,	 2008;	 Boks,	 2006).	
Moreover,	 these	 tools	 are	 usually	 stand-alone	 and	 do	 not	 allow	 for	 easy	 integration	 with	
traditional	design	tools.	The	shortcomings	of	these	tools	mean	they	fail	to	offer	practical	solutions	
for	day-to-day	use	in	design	and	engineering	departments	and	they	only	achieve	limited	industry	
penetration	 (Lofthouse,	 2006).	 When	 developing	 tools,	 it	 is	 paramount	 that	 they	 can	 be	
integrated	 with	 other	 design	 tools,	 such	 as	 CAD,	 or	 that	 they	 are	 compatible	 with	 the	 way	 in	
which	designers	works,	allowing	 them	to	make	ecological	design	choices	without	 losing	sight	of	
cost	 and	 other	 typical	 constraints	 seen	 in	 NPD	 in	 industry.	 In	 addition,	 there	 is	 a	 need	 for	 a	
strategic	 and	 systematic	 approach	 towards	 eco-design	 implementation,	 highlighting	 the	




development:	 product	 performance,	 product	 cost,	 and	 development	 cost	 (Magrab	 et	 al.,	 2009;	
Dasu	and	Eastman,	2012;	Annacchino,	2003).	However,	the	need	to	shorten	the	time	to	market,	
which	 resulted	 in	 3DCE,	 also	 resulted	 in	 a	 fourth	 objective	 of	 development	 speed	 being	 added	
(Kaebernick	 et	 al.,	 2003).	 When	 transitioning	 to	 ENPD	 an	 additional	 objective	 is	 required,	
environmental	 performance.	 This	 results	 in	 a	 trade-off	model	where	 five	 key	 design	 objectives	





Significant	 environmental	 improvements	 can	 often	 be	 achieved	 by	 integrating	 environmental	
properties	as	an	optimisation	parameter	in	product	development	together	with	more	traditional	
values	such	as	production	costs,	 functionality,	aesthetics	etc.	One	method	that	allows	for	this	 is	
that	 by	 Nielsen	 and	 Wenzel	 (2002b),	 illustrated	 in	 Figure	 14	 which	 takes	 its	 starting	 point	 in	
traditional	procedures	for	product	development	and	shows	step-by-step	how	the	environmental	
properties	 of	 the	 new	 product	 can	 be	 optimised	 and	 thus	 contribute	 to	 the	 overall	
competitiveness	of	 the	new	product.	 It	 is	based	on	quantitative	 lifecycle	assessment	 to	 identify	
‘hotspots’	 in	 a	 reference	 product’s	 lifecycle	 and	 to	 select	 new	 environmentally	 optimised	
solutions	 for	a	new	product.	 The	main	 steps	 in	 the	product	design	and	development	phase	are	
based	on	those	commonly	outlined	in	literature	(Pahl	and	Beitz,	1991;	Ulrich	and	Eppinger,	1994;	
Cross,	 2008;	 Shigley,	 2004;	 Pugh,	 1991).	 The	 global	 view	 implicit	 in	 LCA	 makes	 it	 possible	 to	
	 29	






Figure	 15	 shows	 the	main	 supply	 chain	 related	 actions	 that	 typically	 occur	 during	 the	 product	
design	and	development	phase.	These	are	actions	that	are	undertaken	by	the	function	within	the	
organisation	that	is	responsible	for	dealing	with	supply	chain	management.	Within	these	actions	
are	 those	 that	 are	 particularly	 related	 to	 supply	 chain	 design;	 namely	 supplier	 sourcing	 and	










While	 there	 are	 a	 plethora	of	methods	 and	 tools	 aimed	 at	 various	 aspects	 of	 eco-design,	what	
appears	to	be	lacking	are	tools	and	methods	that	bridge	the	different	levels	(phase,	process	and	
product	 chain	 –	 see	 Section	 2.2.1)	 and	 have	 a	 particular	 emphasis	 on	maximising	 the	 role	 and	
input	of	suppliers.	While	there	are	a	number	of	methods	that	incorporate	suppliers,	there	aren’t	




clear	 that	 best	 practices	 call	 for	 the	 integration	 of	 environmental	 management	 into	 ingoing	
practices	(Srivastava,	2007a).	Green	supply	chain	management	(GSCM)	is	a	practice	that	has	been	
increasing	 in	 popularity	 among	 researchers	 and	 practitioners	 of	 operations	 and	 supply	 chain	
management.	 It	 aims	 to	 address	 the	 influence	 and	 relationships	 between	 supply	 chain	




and	 the	 attainment	 of	 the	 same,	 if	 not	 higher	 profits.	 GSCM	 is	 not	 a	 cost	 centre	 but	 rather,	 a	
business	 value	 driver	 (Wilkerson,	 2005).	 Additionally,	 GSCM	 is	 being	 driven	 by	 consumer	
pressures	and	regulatory	requirements.		




supply	 chain	 management	 and	 environmental	 management	 literature.	 As	 with	 supply	 chain	
management,	 the	 boundary	 of	 GSCM	 is	 dependent	 on	 the	 goal	 of	 the	 practitioner.	 	 Within	
literature,	 its	 definition	 has	 ranged	 from	 green	 purchasing	 to	 integrated	 green	 supply	 chain	
flowing	 from	 supplier	 to	manufacturer	 to	 customer	 and	 even	 reverse	 logistics	 (Zhu	 and	 Sarkis,	
2004).	 GSCM	 can	 be	 defined	 as	 ‘integrating	 environmental	 thinking	 into	 supply	 chain	








Ellram,	 1998;	 Fleischmann	 et	 al.,	 1997),	 logistics	 network	 design	 (Fleischmann	 et	 al.,	 2000;	




Hoek,	1999;	Graedel,	 2002;	 Sarkis	 and	Cordeiro,	 2001;	Hui	 et	al.,	 2001;	Klassen,	2001;	Min	and	
Galle,	 2001;	 Sarkis,	 2001a).	 Roy	 and	 Whelan	 (1992)	 contribute	 with	 their	 work	 on	 recycling	
through	 value-chain	 collaboration,	 as	 do	 Bloemhof-Ruwaard	 et	 al	 (1995)	 when	 they	 deal	 with	
interactions	between	operational	research	and	environmental	management,	Min	et	al	(1998)	and	
Lippmann	 (1999)	 when	 they	 discuss	 combined	 location-routing	 problems	 and	 elements	 for	
success	in	GSCM	and	Dowlatshahi’s	(2000)	theory	of	reverse	logistics.	
According	 Gupta	 and	 Kumar	 (2013),	 GSCM	 practices	 provide	 the	 potential	 for	 cost	 savings,	
improved	efficiency	and	attracting	new	suppliers	and	customers.	In	addition,	they	explained	that	




can	 positively	 impact	 environmental	 performance	 while	 eco-designed	 products	 can	 lead	 to	
improved	brand	 image.	A	 similar	argument	applies	 to	eco-packaging	design	which	 is	 typified	by	
reusable	 and	 recyclable	 packaging,	 waste	 minimization	 by	 means	 of	 reduced	 packaging	 and	
reduction	or	elimination	of	hazardous	material	 in	packaging	(Carter	and	Carter,	1998;	Walker	et	
al.,	2008;	Large	and	Thomsen,	2011;	Buyukozkan	and	Cifci,	2012).	Similarly,	 regulatory	practices	
typically	 involve	 the	 reduction	or	 elimination	of	hazardous	materials	 in	products	 and	packaging	
and	 well	 as	 the	 adoption	 of	 recycling,	 reuse	 and	 environmentally-friendly	 disposal	 (Hitchcock,	
2012)	and	these	can	all	impact	cost,	company/brand	image	and	the	environment.	
Green	Sourcing	
Green	 sourcing	 is	one	of	 the	more	accepted	dimensions	of	GSCM	practice.	 Lee	 (2008)	 suggests	
that	 buying	 organisations	 with	 green	 supply	 chain	 initiatives	 will	 pay	 attention	 to	 the	 green	
practices	 of	 their	 suppliers,	 especially	 small	 and	medium	 enterprises.	 To	 ensure	 that	 suppliers	
meet	 their	 environmental	 objectives,	 the	 buying	 firm	may	deploy	 collaboration	based	 activities	
including	 training	 environmental	 information	 sharing	 and	 joint	 research.	 It	 is	 also	 possible	 for	
organisations	 to	 adopt	 less	 collaborative	 approaches	 by	 simply	 demanding	 that	 their	 suppliers	
adopt	 environmental	 systems	 such	 as	 ISO14001.	 Heras-Saizarbitoria	 et	 al.	 (2011)	 and	 Vachon	
(2007)	 identified	 external	 motivators,	 particularly	 customer	 pressure,	 as	 key	 drivers	 of	 the	
adoption	of	 ISO14001.	Other	 green	 sourcing	 aspects	 that	 have	been	discussed	 in	 the	 literature	
include	making	the	promotion	and	use	of	outputs	of	recycling,	reuse	and	resource	reduction	part	
of	the	sourcing	process	(Large	and	Thomsen,	2011;	Diabat	and	Govindan,	2011).	There	is	evidence	
that	 some	organisations	adopt	a	 compliance	and	evaluative	approach	 to	 the	GSCM	practices	of	
their	 suppliers.	 This	 involves	 evaluation	 of	 suppliers	 based	 on	 environmental	 criteria	 and	 a	
requirement	 for	 suppliers	 to	 develop	 and	maintain	 some	 form	 of	 environmental	 management	
system	(EMS)	(Zhu	et	al.,	2012;	Zhu	et	al.,	2005;	Large	and	Thomsen,	2011;	Min	and	Galle,	2001).	
Performance	Measures	
The	 growth	 in	 the	 adoption	 of	 green	 practices	 is,	 in	 part,	 due	 to	 the	 effect	 of	 institutional	
pressures	driven	by	 regulatory	and	market	demands	 (Curkovic	 et	al.,	2000;	Kumar	and	Putnam,	
2009;	Srivastava,	2007a).	In	their	study,	Zhu	and	Sarkis	(2007)	found	that	economic	performance	
remains	 the	 top	 priority	 for	manufacturers,	 in	 particular	 those	 in	 developing	 economies.	 There	
have	been	a	number	of	studies	 that	have	attempted	to	 link	GSCM	practices	with	organisational	
performance.	 Studies	 such	 as	De	Giovanni	 and	Esposito	Vinzi	 (2012)	 and	Huang	 (2012)	 showed	









Azevedo	 et	 al	 (2011)	 suggest	 that	 the	 type	 of	 green	 supply	 chain	 practices	 implemented	 can	
impact	 performance	 differently,	 Koh	 et	 al	 (2012)	 suggest	 that	 implementing	GSCM	practices	 in	
different	stages	can	result	 in	different	performance	outcomes	and	Zhu	et	al	(2012)	 	put	forward	






argued	 that	 GSCM	 practices	 comprise	 green	 design,	 reducing	 energy	 consumption,	
reusing/recycling	material	and	packaging,	reverse	logistics	and	environmental	collaboration	in	the	
supply	 chain.	 	 Zhu	 et	 al.	 (2005)	 suggested	 that	 green	 practices	 include	 the	 sale	 of	 excess	
inventory,	sale	of	scrap	and	used	material,	environmental	auditing	programs,	commitment	from	
senior	managers	 and	 total	 quality	 environment	management.	 Their	 study	 separated	 eco-design	
into	 product-related	 and	 packaging-related	 eco-design	 practices	 and	 also	 categorised	 green	
performance	measures	 into	environmental	performance,	economic	performance,	and	 intangible	
performance	 and	 included	 two	 control	 variables,	 low-cost	 business	 strategy	 and	 quality/time-
based	business	strategy	–	to	explain	the	variation	in	performance	due	to	a	firm’s	strategic	focus.	
Product	Design	
Buyukozkan	 and	 Cifci	 (2012)	 identified	 the	 importance	 of	 eco-design	 when	 they	 revealed	 that	
about	 80%	 of	 product	 related	 impacts	 in	 the	 environment	 can	 be	 influenced	 during	 product	




assessment	as	a	commonly	used	attribute	of	GSCM.	Building	on	 the	 theme	of	 lifecycle	 impacts,	




Supply	 chain	 design	 involves	 the	 decisions	 about	 number	 of	 suppliers,	 supplier	 selection	 and	
evaluation,	 proximity	 to	 suppliers,	 planned	 capacities	 in	 each	 facility,	 definition	 of	 contractual	
terms,	 and	 reactions	 to	 the	 possible	 disagreements	 between	 channel	 members	 (Chopra	 and	
Meindl,	2007).	As	an	example,	 supplier	 selection	and	evaluation	has	been	a	primary	 concern	 in	
the	 development	 of	 world-class	manufacturers.	 The	 just-in-time	 philosophy	 supported	 the	 few	
supplier	 strategy	 and	 stressed	 the	 importance	 of	 selecting	 the	 best	 suppliers	 and	 establishing	
long-term	 relationships	 with	 those	 suppliers.	 Similarly,	 supplier	 capacities	 and	 locations	 have	
some	degree	of	impact	on	the	effective	management	of	supply	chains.	Despite	the	significance	of	
design	 issues	 in	 a	 supply	 chain,	 there	 seems	 to	 be	 a	 lack	 of	 attention	 on	 this	 in	 the	 academic	






planning,	 sufficiency	of	distribution	channels,	etc.	These	 factors	 can	be	considered	as	 the	other	
dimensions	of	supply	chain	design.	
2.2.5 THE	SUPPLY	CHAIN	AND	THE	NPD	PROCESS	
Increasing	 reliance	 on	 external	 resources	 is	 a	 trend	 that	 can	 be	 observed	 in	 NPD	 processes.	
Handfield	and	Lawson	(2007)	conducted	a	study	with	134	industrial	firms	and	proposed	that	early	
supplier	 integration	 (ESI)	 in	 product	 development	 is	 an	 important	 coordinating	mechanism	 for	
decisions	 that	 link	 product	 design,	 process	 design,	 and	 supply	 chain	 design	 together.	 Lack	 of	
integration	 with	 suppliers	 can	 result	 in	 problems	 concerning	 the	 continuity	 and	 the	 quality	 of	
supplies,	which	are	crucial	factors	for	companies.	Their	analysis	showed	that	there	can	be	major	
benefits	 for	 companies	 through	 coordination	 and	 the	 sharing	 of	 concepts	 and	 information	 in	
achieving	 agility	 (Khan	 and	 Creazza,	 2009).	 It	 is	 necessary	 to	 improve	 misalignment	 between	
product	design	and	the	supply	chain	 in	order	 to	 leverage	supply	chain	capabilities,	enhance	the	
effectiveness	 of	 new	 product	 launch	 and	 improve	 firm	 performance	 (van	 Hoek	 and	 Chapman,	
2006).	The	alignment	between	NPD	and	SCM	has	been	suggested	to	 lead	to	an	 improvement	 in	
supply	 chain	 performance	 (Caprice	 and	 Sheffi,	 1994);	 while	 design	 plays	 a	 strategic	 role	which	
impacts	the	total	supply	chain	(AbecassisMoedas,	2006;	Ragatz	et	al.,	1997).	Pero	et	al.	(2010)	
state	 that	 in	 order	 to	 achieve	 alignment,	 firms	may	 not	 only	match	 product	 features	 with	 the	
supply	 chain,	 but	 also	 long-term	 (supply	 chain	 configuration	 and	 collaboration)	 and	 short-term	
decisions	(supply	chain	coordination).	
2.2.6 SUPPLY	CHAIN	MAPPING	
Supply	 chain	 mapping	 involves	 gathering,	 organising	 and	 presenting	 data	 visually	 to	 facilitate	
analysis	of	a	supply	chain	(Lambert	et	al.,	2008).	A	supply	chain	map	can	be	described	as	a	visual	
representation	 of	 the	 flows	 of	 information,	 processes	 and	 money	 in	 both	 the	 upstream	 and	
downstream	directions	and	through	a	firm	(Gardner	and	Cooper,	2003).	Due	to	its	external	focus,	
supply	chain	mapping	can	be	viewed	as	the	opposite	of	process	mapping,	where	process	mapping	
directs	 its	 attention	 to	a	 single	operation	or	 system	within	a	 company.	Supply	 chain	awareness	
refers	 to	 having	 an	 understanding	 of	 the	 supply	 chain	 and	 its	 core	 processes	 and	 problems	 as	
oppose	 to	 only	 understanding	 and	 focusing	 on	 your	 company’s	 problems	 and	 neglecting	 the	
effects	your	company	has	on	the	entire	system	(Holweg	and	Bicheno,	2002).		
A	 strategic	 supply	 chain	map	 is	 distinguished	by	 its	 direct	 tie-in	 to	 corporate	 strategy;	 strategic	
supply	 chain	mapping	 occurs	 in	 conjunction	with	 the	 creation	 of	 a	 supply	 chain	 strategy	 or	 to	











chain	 structure	 (Gardner	 and	 Cooper,	 2003).	 Supply	 chain	 maps	 may	 or	 may	 not	 depict	
geographical	relationships,	individual	organizations	may	be	named	or	grouped,	they	may	include	
multiple	 business	 processes	 in	 their	 visual	 display,	 or	 not.	 There	 are	 a	 number	 of	 supply	 chain	
processes	 that	 could	 be	 included	 in	 a	map	 (Lambert	 et	 al.,	 2008).	 Gardner	 and	 Cooper	 (2003)	
discussed	 about	 14	 examples	 of	 different	 mapping	 approaches	 and	 Farris	 (2010)	 presented	
solutions	to	some	of	the	supply	chain	mapping	issues	identified	by	Gardener	and	Cooper.		
While	 there	 are	 compelling	 reasons	 to	 produce	 strategic	 supply	 chain	 maps,	 there	 are	 some	
concerns	 that	 firms	must	 address	 before	 publishing	 such	 a	map,	 either	 internally	 or	 externally.	
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These	 risks	 include	 giving	 away	 competitive	 information,	 changing	 the	 chain	 dynamics,	 getting	




40%	of	 businesses	 procuring	 only	 in	 the	UK	 have	 information	 on	 Tier	 2	 suppliers	 and	 18%	had	
information	 about	 their	 Tier	 2	 suppliers	 across	 the	world,	 it	 also	 found	 that	 	 only	 8%	of	 global	
procurement	 teams	 have	mapped	 their	 company's	 supply	 chain	 for	 all	 the	 products	 that	 they	
supply,	with	this	falling	to	4%	for	businesses	with	1,000	or	more	employees	(Olivie,	2013).	Supply	
chain	 maps	may	 be	 linked	 to,	 or	 built	 directly	 from	 a	 database,	 or	 they	 can	 be	 built	 by	 hand	
(Gardner	 and	 Cooper,	 2003).	 2014	 saw	 a	 7.3%	 increase	 in	 the	 market	 for	 supply	 chain	
management	 and	 procurement	 software	 as	 companies	 looked	 to	 technology	 to	 help	 them	
manage	their	supply	chains	(Achilles,	2015).		
Supply	chain	mapping	 is	a	valuable	tool	 that	helps	companies	understand	and	have	 information	
on	 the	 suppliers	 they	 buy	 directly	 from	 and	 those	 companies	 who	 indirectly	 contribute	
components	 or	 services	 across	 the	 extended	 supply	 chain.	 This	 is	 particularly	 beneficial	 for	
companies	that	practice	ENPD	as	they	have	to	have	an	understanding	of	the	lifecycle	impacts	of	
their	products.	CIPS	(2014)	found	that	90%	of	the	procurement	professionals	they	surveyed	would	





supply	 chain	 decision	makers	 various	 opportunities	 and	 possibilities	 for	 supply	 chain	 efficiency	
improvements.	As	knowledge	 is	power,	 in	supply	chains,	 information	 is	power.	 	Nahmias	 (2001)	
states	that	information	provides	the	decision	maker	the	power	to	get	ahead	of	the	competition,	
the	power	to	run	a	business	smoothly	and	efficiently,	and	the	power	to	succeed	in	an	ever	more	
complex	 environment.	 Information	 plays	 a	 key	 role	 in	 the	 management	 of	 supply	 chain.”	 The	
supply	 chain’s	 performance	 depends	 critically	 in	 how	 its	 members	 coordinate	 their	 decisions.	
Information	sharing	is	the	most	basic	form	of	coordination	in	supply	chains.		
Modern	business	practices	have	changed,	largely,	due	to	advances	in	information	technology;	this	
has	made	collaborative	SCM	possible	 (Chatfield	 et	al.,	 2004;	 Li,	 2002;	Cachon	and	Fisher,	2000;	
Lee	and	Whang,	2000;	 Lee	 et	al.,	2000).	The	competitive	value	associated	with	 information	has	
been	widely	 heralded;	 it	 substitutes	 for	 inventory,	 speeds	 new	 product	 design,	 shortens	 order	




information	 sharing.	 These	 include	 Sahin	 and	 Robinson	 (2002),	 Chen	 (2003)	 and	 Huang	 et	 al.	
(2003).	 Their	 reviews	 are	 extensive	 and	 offer	 broad	 scopes	 in	 terms	 of	 supply	 chain	 models,	






supply	 chain	 integration	 and	 performance	 (Kim,	 2006;	 Cousins	 and	Menguc,	 2006;	 Zailani	 and	
Rajagopal,	2005;	Armistead	and	Mapes,	1993).	Well-integrated	supply	chains	create	value	for	the	
shareholders	 by	 decreasing	 costs	 and	 increasing	 market	 share	 (Lee,	 2000).	 Firms	 that	 achieve	
successful	integration	in	their	supply	chains	have	shorter	cash	flow	cycle	times,	fewer	inventories,	
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reduced	 logistics	 and	 material	 purchasing	 costs,	 increased	 workforce	 efficiency,	 and	 improved	
customer	responsiveness	(Lummus	and	Vokurka,	1999).		
Likewise,	 obtaining	 the	 demand	 information	 from	 the	 customers	 has	 been	 shown	 to	 result	 in	
decreased	 inventory	 costs	 in	 a	 supply	 chain	 (Cachon	 and	 Fisher,	 1997;	 Lee	 et	 al.,	 2000).	Giving	
priority	to	the	flow	of	information	in	a	supply	chain,	over	the	physical	flow	of	goods	and	materials,	
results	 in	 the	 possibility	 of	 inventory	 reductions	 and	 efficient	 use	 of	 recourses	 (Graham	 and	
Hardaker,	 2000).	 The	 visibility	 and	 continuous	 communication	 capabilities	 provided	 by	 the	
advanced	 technologies	 and	 information	 systems	 allow	 for	 quick	 and	 timely	 inventory	
replenishment	 (Shapiro	 et	 al.,	 1993;	 Handfield,	 1994).	 Strader	 et	 al.	 (2002)	 demonstrated	 that	
sharing	the	supply	and	demand	information	with	the	supply	chain	helped	reducing	the	inventory	
costs	and	shortening	the	order	cycle	times.	It	is	also	suggested	that	coordination	and	information	
sharing	 increases	 the	 ability	 of	 supply	 chains	 to	 react	 sudden	 changes	 in	 volatile	 demand	
environments	 (Lee	 et	 al.,	 2000).	 There	 are	 many	 other	 studies	 that	 show	 that	 cooperative	
information	sharing	among	supply	chain	members	improves	competitiveness	and	effectiveness	of	
supply	 chains	 (Sahin	 and	 Robinson	 Jr,	 2005;	 Ellram	 and	 Cooper,	 1990;	 Li	 et	 al.,	 2006;	 Li	 and	
O'Brien,	1999;	Berry	and	Naim,	1996;	Gopal	and	Cypress,	1993;	Strader	et	al.,	2002;	Zhao	et	al.,	
2002;	Bowersox	et	al.,	2002).	
Information	 sharing	 can	 be	 found	 at	 the	 core	 of	 collaborative	 supply	 chain-based	 business	
models.	One	of	the	challenges	confronting	companies	in	their	quest	to	leverage	information	as	a	




meaningfully	 connected;	 this	 perception	 leads	 to	 a	 reliance	 on	 the	 power	 of	 technological	
innovation	 to	 drive	 collaboration	 (Fawcett	 et	 al.,	 2007).	 	 This	 results	 in	 technology	 being	
purchased	and	sold	as	the	solution	to	a	company’s	information	sharing	deficiencies.	Regardless	of	
this,	 for	many	companies,	 the	 sought	after	 information	 sharing	 capabilities	and	higher	 levels	of	
cross-enterprise	collaboration	never	materialise	(Fawcett	and	Magnan,	2001).		
There	are	a	number	of	technologies	that	are	utilised	in	the	sharing	of	information.	Electronic	data	
interchange	 (EDI)	 has	 been	 a	major	 information	 sharing	 tool	 for	 years	 (Warkentin	 et	 al.,	 2001;	
Davis	and	O'Sullivan,	1998;	Lee	et	al.,	2000;	Strader	et	al.,	1998).	With	the	rise	and	evolution	of	
the	internet	and	e-commerce	technology,	there	have	been	studies	on	how	such	technologies	can	
improve	 supply	 chain	 performance,	 especially	 information	 sharing	 (Strader	 et	 al.,	 1998;	 Kehoe	
and	Boughton,	2001;	Tan	et	al.,	2000;	Croom,	2001;	Warkentin	et	al.,	2001;	Davis	and	O'Sullivan,	
1998;	Graham	and	Hardaker,	2000).	Since	internet	communication	technologies	gained	popularity	
as	 a	means	 of	 simplifying	 business	 to	 business	 (B2B)	 communications	 they	 have	 been	 seen	 to	
have	 an	 impact	 on	 logistics	 process	 performance,	 purchase	 process	 efficiency	 and	 supplier	
relationships	 (Baglieri	 et	 al.,	 2007).	 Given	 the	 wide	 range	 of	 information	 technologies	 (e.g.	
internet,	 extensible	 mark-up	 language	 (XML),	 common	 object	 request	 broker	 architecture	
(CORBA),	 enterprise	 resource	 planning	 (ERP),	 etc.),	 there	 is	 no	 clear	 consensus	 as	 to	 which	
technology	is	most	suitable	for	enabling	the	sharing	of	information	in	supply	chain.		
Information	sharing	 is	not	always	beneficial	 to	some	supply	chain	entities	due	to	 inherent	 risks,	
high	 adoption	 cost	 of	 joining	 the	 inter-organisational	 information	 system,	 unreliable	 and	
imprecise	 information	 (Cohen,	 2000;	 Swaminathan	 et	 al.,	 1997).	 US	 National	 Research	 Council	
(2000)	 reported	 that	 there	 are	 some	 barriers	 (e.g.	 lack	 of	 mutual	 trust,	 expensive	 technology	
investment,	 personnel	 training,	 etc.)	which	 hinder	 the	 sharing	 of	 information	 among	 small	 and	
medium	sized	enterprises	(SMEs).	Moreover,	information	sharing	can	be	detrimental	if	the	shared	
information	is	not	used	intelligently	(Hong-Minh	et	al.,	2000).	In	their	study,	Fawcett	et	al	(2007)	
found	 that	 there	 are	 some	 companies	 that	 manage	 to	 have	 more	 success	 with	 supply	 chain	
information	sharing	as	they	are	able	to	manage	the	inherent	risks	and	challenges.	These	are	the	
	 36	
companies	 who	 have	 sharing	 embedded	 in	 organisational	 cultures;	 communication	 augments	
investments	 in	 technology	 to	 create	 better	 relationships	 and	 raise	 the	 level	 of	 information	
sharing.	 These	 companies	 seem	 to	 recognize	 that	 a	 substantial	 gap	 separates	 technological	




As	 the	 systems-thinking	 paradigm	 emerged,	 focus	 on	 inter-organisational	 relationships	 in	 the	
product	 chain	 increased.	 Resultantly,	 mainly	 through	 the	 use	 of	 standardised	 questionnaires	
(Andersen	and	Choong,	1997;	Brink	et	al.,	1998),	supply	chain	management	was	seen	as	a	vehicle	
for	moving	environmental	information	(EI)	through	the	supply	chain	to	product	designers	(Sarkis	
et	 al.,	 1995;	 Nagel,	 1998).	 Within	 companies,	 EI	 is	 used	 for	 various	 purposes,	 Erlandsson	 and	
Tillman	(2009)	make	two	main	distinctions	regarding	the	use	of	EI:	(1)	whether	the	information	is	
for	 internal	 or	 external	 use	 and	 (2)	 whether	 the	 information	 pertains	 to	 the	 company	 and	
































Product	development	may	be	 regarded	as	an	 information	 transformation	process	 (Hubka	 et	al.,	
1988)	or	an	information	process,	this	results	in	relevant	EI	being	considered	as	a	prerequisite	for	
making	informed	decisions	in	the	various	stages	of	the	product	development	process	(Aschehoug	
et	 al.,	 2012).	 Relevant	 and	 understandable	 environmental	 information	 about	 production	 and	
products	is	needed	in	any	attempt	to	mitigate	environmental	impact	from	production,	products,	
and	 consumption.	 When	 attempting	 to	 decouple	 increased	 environmental	 impact,	 correct,	
unbiased,	relevant,	sufficient,	and	understandable	information	about	the	environmental	impacts	
of	production	and	consumption	is	necessary.		
As	 EI	 has	 to	 be	 “collected,	 compiled,	 and	 disseminated”	 (Erlandsson	 and	 Tillman,	 2009)	 and	
relevant	 information	 being	 found	 among	 the	 different	 actors	 of	 a	 system,	 dealing	 with	
environmental	issues	on	the	level	of	product	design	and	manufacturing	only,	or	on	the	level	of	a	
single	 firm,	 is	 insufficient	 (Baumann	 et	 al.,	 2002).	 Distribution	 of	 environmental	 impacts	
throughout	the	product	chain	has	implications	for	the	particular	information	that	is	important	to	
manage	or	a	given	company.	When	the	use	phase	is	the	source	of	most	of	the	impacts,	the	use-
phase	 environmental	 information	 becomes	 important.	 If	 the	 impacts	 are	mainly	 related	 to	 the	
company’s	 own	 production	 processes,	 then	 up-	 and	 downstream	 become	 less	 important.	 If	 a	
majority	 of	 the	 impacts	 occur	 earlier	 in	 the	 product	 chain,	 it	 becomes	 important	 to	 collect	
information	from	suppliers.	Supply	chain	impacts	may	include	emissions,	waste,	use	of	energy	and	
natural	 resources,	 and	 ecological	 harm,	 at	 many	 stages	 from	 production	 of	 raw	 materials	 to	
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intermediate	 and	 final	 manufacture.	 To	 attain	 detailed	 information	 about	 the	 environmental	
performance	of	 its	products,	a	company	also	needs	 to	know	what	happens	 in	 the	stages	of	 the	
product	 chain	 prior	 to	 its	 own	 operations.	While	 average	 data	 are	 often	 available	 and	 can	 be	
applied	 e.g.	 by	 the	 association	 to	 which	 the	 company	 belongs,	 or	may	 be	 included	 in	 the	 LCA	
software	 used,	 collecting	 information	 directly	 from	 the	 source	 is	 likely	 to	 result	 in	 greater	
accuracy	(Erlandsson	and	Tillman,	2009).	
Requesting	 information	 directly	 from	 the	 source	 can	 have	 the	 added	 benefit	 of	 fostering	
improved	 environmental	 awareness	 on	 the	 part	 of	 the	 supplier.	 Additionally,	 direct	 source	
information	enables	comparison	of	suppliers	based	on	their	environmental	performance,	and	the	
environmental	performance	of	 the	products	 they	provide.	However,	 suppliers	are	 likely	 to	have	
differing	 degrees	 of	 willingness	 to	 share	 environmental	 information	 about	 their	 products.	 In	 a	
survey	of	over	90	UK	based	companies,	Deutz	et	al.	(2013)	found	that	only	9%	of	the	companies	
they	 surveyed	 cited	 the	 value	 chain	 (including	 suppliers,	 customers	 and	 waste	 handlers)	 as	 a	
source	for	environmental	information.	The	stronger	position	relative	to	suppliers	gives	a	company	
a	stronger	bargaining	position	when	requesting	information.	For	example,	the	power	relationship	
can	depend	on	 relative	 size	and	how	dependant	 the	company	 is	on	 the	 supplier	and	vice	versa	
(Erlandsson	 and	 Tillman,	 2009).	 Ruigkrok	 and	 van	 Tulder	 (1995)	 suggested	 a	 classification	 of	
dependencies	 between	 core	 firm	 and	 partner;	 Table	 13	 is	 an	 adaption	 of	 this	 classification	 by	
Erlandsson	 and	 Tillman	 (2009)	 to	 the	 supplier-producer	 relationship.	 This	 classification	












Product	 information	 refers	 to	 the	 characteristics	 of	 products	 and	 their	 production	 process	 and	
one	 of	 its	 important	 characteristics	 is	 product	 structure,	 which	 refers	 to	 the	 product	 bill	 of	
materials	(BOM).	The	structure	and	cost	data	in	the	BOM	has	a	significant	impact	on	production	
planning	 in	 a	 manufacturing	 supply	 chain.	 For	 example,	 component	 sharing	 and	 part	
standardization	are	common	product	design	strategies	which	reduces	production	costs	and	cycle	
time	(Lee	and	Sasser,	1995;	Brown	et	al.,	2000).	Only	Wu	and	Meixell	(1998)	and	Tan	(1999)	have	
investigated	 impacts	 of	 different	 product	 structure	 on	 information	 sharing	 and	 supply	 chain	
performance.	 It	 is	obvious	 that	 the	 impacts	of	 this	 factor	on	 information	sharing	have	not	been	
fully	explored	in	the	literature.		
After	a	product	has	been	designed,	an	engineering	bill	of	materials	(EBOM)	is	produced;	this	is	a	




procurement	 activities.	 Through	 ENPD	 where	 supply	 chain	 information	 is	 used	 during	 the	










In	 their	 2007	 paper	 entitled	 Product-Process-Supply	 Chain:	 An	 Integrative	 Approach	 to	 Three-











While	 the	 concept	 of	 3DCE	 is	 simple,	 robust	 and	 non-controversial,	 its	 research	 and	 execution	
does	not	seem	to	be	wide	spread;	this	offers	many	new	research	opportunities,	especially	when	
the	3DCE	 framework	 is	 used	 in	 SCM	and	ENPD	 research.	 Although	 there	 is	 enough	evidence	 in	








Through	a	critical	 review	of	 the	 literature	 related	 to	 the	project	aim,	 the	 focus	 for	 the	 research	
project	was	 established.	 The	 review	 provides	 an	 up-to-date	 understanding	 of	 the	 3DCE	 and	 its	
significance	 and	 structure	 and	 explores	 SCM	 in	 relation	 to	 ENPD.	 Not	 only	 did	 it	 assist	 in	 the	
creation	of	a	conceptual	research	framework,	it	also	guided	the	formulation	of	research	questions	
and	 objectives.	 As	 it	 is	 informed	 by	 the	 views	 and	 research	 of	 experts	 in	 related	 fields,	 this	
































This	 chapter	 presents	 a	 conceptual	 framework	 for	 the	 study	 before	 the	 research	 project	 is	
clarified	through	the	identification	and	refinement	of	research	questions	and	hypotheses.	It	is	this	




















As	 the	 results	of	 ENPD	are	 affected	by	 the	design	of	 the	product,	 such	as	use	of	materials	 and	
components;	 the	 processes	 used	 to	manufacture	 the	 product,	 such	 as	waste	management	 and	
production	methods;	and	the	supply	chain,	such	as	logistics	and	supplier	selection;	the	integration	




Prompted	 by	 the	 increasing	 interest	 in	 the	 state	 of	 the	 environment,	 Ellram	 et	 al	 (2008)	
conducted	a	study	that	found	that	using	approaches	suggested	by	the	then	relatively	new	theory	
of	 3DCE	 in	 improving	 the	 outcomes	 of	 NPD	 and	 environmentally	 responsible	 manufacturing	
efforts	held	great	promise	for	integrating	ERM	into	mainstream	NPD	concerns.	They	came	to	the	
conclusion	 that	3DCE	 is	a	 lens	 that	 can	be	used	 in	demonstrating	 that	ERM	efforts	 can	 support	
traditional	product	development	goals	as	well	as	environmental	product	development	goals.		
3DCE	is	 ideally	suited	to	being	a	theoretical	 lens	for	demonstrating	that	supply	chain	efforts	can	
support	 the	 integration	 of	 environmental	 considerations	 into	 the	 NPD	 process.	 Through	 its	
adoption,	 it	became	a	transformative	perspective	that	shaped	the	research	by	placing	emphasis	




When	 adopting	 a	 3DCE	 approach,	 it	 is	 important	 to	 meet	 the	 requirements	 of	 business	 and	
industry	 in	 developing	 products	 with	 reduced	 environmental	 impacts	 and	 provide	 formalised	






• Use	of	 simple,	 flexible,	non-resource	 intensive	approaches	designed	 to	 fit	with	business	
reality	
• Bridging	the	phase,	process	and	product	chain	levels	of	product	development	











“Supply	chain	design	 involves	 the	decisions	about	number	of	 suppliers,	 supplier	 selection	
and	 evaluation,	 proximity	 to	 suppliers,	 planned	 capacities	 in	 each	 facility,	 definition	 of	





new	product	development	process	 as	 its	 unit	 of	 analysis,	where	 the	new	product	development	
process	is	the	process	within	the	internal	processes	of	a	company,	which	in	turn	are	embedded	in	
a	product	chain,	that	is	undertaken	to	develop	products.	Due	to	the	context	within	which	product	
development	 occurs	 (See	 Section	 2.2.1),	 the	 study	 is	 concerned	 with	 three	 different	 levels	 of	
product	 development:	 the	 organisation,	 the	 new	 product	 development	 process	 and	 the	 design	
and	development	phase.		
The	first	 level,	 the	organisational	 level,	 is	 relates	to	how	product	development	 is	undertaken	by	
an	organisation	that	is	part	of	a	product	chain;	it	adopts	a	product	chain	perspective	and	includes	
interactions	with	external	organisations.	The	new	product	development	process	level	is	within	the	
organisation	 and	 relates	 to	 the	 business	 strategy,	 management,	 marketing	 etc.	 relating	 to	 the	
product	 development	 process.	 Finally,	 the	 product	 design	 and	 development	 phase	 level	 deals	
with	 that	 particular	 phase	 of	 the	 new	 product	 development	 process	 and	 its	 tools.	 The	
relationships	 between	 these	 different	 levels	 is	 illustrated	 in	 Figure	 17;	 figure	 shows	 the	
organisation	 within	 the	 product	 chain,	 the	 new	 product	 development	 process	 within	 the	




In	addition,	 it	 is	proposed	that	work	covered	 in	this	study	exists	on	three	different	 levels	within	
the	organisation:	the	strategic,	the	tactical	and	the	operational.	Forming	and	viewing	it	this	way	
allows	for	a	holistic	perspective	that	covers	all	encompassing	factors	from	an	organisation	making	
the	 decision	 to	 go	 in	 a	 certain	 direction	 to	 the	 day-to-day	 activities	 that	 would	 aid	 in	 the	
realisation	 of	 the	 new	 goals.	 The	 strategic	 level	 is	 concerned	 with	 the	 overall	 direction	 of	 an	
enterprise	and	 setting	goals;	 this	 level	 concerns	 itself	with	examining	where	 the	organisation	 is	
now,	 deciding	 where	 it	 should	 go,	 and	 determining	 how	 it	 will	 get	 there.	 While	 strategy	 is	
concerned	with	the	future	vision,	tactics	involve	the	actual	steps	that	are	required	to	achieve	that	
vision;	 these	are	 the	practical	 steps	 for	 implementing	 the	 strategy.	 This	 level	 is	 concerned	with	
the	method	 intended	 to	 fulfil	 a	 specific	 objective	 in	 the	 context	 of	 the	 overall	 plan.	 Lastly,	 the	
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operational	 level	 is	 related	 to	 day-to-day	 activities	 that	 are	 carried	 out	 in	 the	 execution	 of	 the	
method.	For	example,	this	could	be	illustrated	as	follows	using	the	key	definitions	in	this	research:		
In	a	bid	 to	attain	competitive	advantage	 in	a	 future	climate,	a	product	development	
company	strategically	decides	to	make	its	products	more	environmentally	competitive	
by	 working	 towards	 making	 environmental	 new	 product	 development	 a	 core	










Defined	 as	 “a	 comprehensive	 theoretical	 framework	 emerging	 from	 an	 inductive	 integration	 of	
previous	 literature,	 theories,	 and	 other	 pertinent	 information”	 (Maxwell	 and	 Loomis,	 2003),	 a	
conceptual	framework	for	a	study	consists	of	the	theory	relevant	to	the	phenomena	being	studied	
that	informs	and	influences	the	research.	Within	this	study,	this	analytical	tool	was	primarily	used	
as	 the	basis	 for	setting	 the	context	within	which	 the	research	 is	 set	and	reframing	 the	research	
objectives	 and	 questions.	 It	 was	 paramount	 to	 ensure	 the	 appropriateness	 of	 the	 utilised	
conceptual	 framework	 as	 a	mismatch	between	 it	 and	 the	 research	questions	 and	methods	 can	
create	serious	problems	for	the	research.		
Due	to	their	presence	within	the	setting,	it	was	necessary	to	represent	the	different	levels	within	
the	 conceptual	 framework.	 The	 preliminary	 conceptual	 framework	 is	made	 up	 of	 the	 following	
parts:	
• A	3DCE-Based	Approach	 to	ENPD	–	outline	of	an	approach	 that	assimilates	early	 supply	
chain	 design	 into	 the	 environmental	 new	 product	 development	 process;	 the	 approach	
covers	the	strategic	and	organisation	levels.		
• E-3DCE	 Contextual	 Dynamics	 –	 an	 exploration	 of	 contextual	 dynamics	 during	 the	 shift	
from	NPD	to	ENPD	through	3DCE;	covers	the	strategic,	tactical	and	organisation	levels.	






Mainly	 through	 eco-design,	 initiatives	 to	 reduce	 environmental	 impact	 have	 been	 evolving	 for	
some	time	to	support	companies	developing	more	sustainable	products.	While	various	concepts,	
approaches	 and	 tools	 have	 been	 evolving	 to	 help	 industry	 meet	 this	 aim,	 those	 adequately	
incorporating	 the	 supply	 chain	 during	 the	 product	 design	 and	 development	 stage	 have	 been	
lacking.	Supply	chain	impacts	affect	the	environmental	profiles	of	products:	it	is	important	that	a	
company	knows	what	happened	in	the	stages	of	the	product	chain	prior	to	its	own	operations.	As	




in	 the	 product	 design	 and	 development	 phase	 where	 early	 supply	 chain	 design	 can	 be	























of	 environmental	 considerations	 into	 the	 new	 product	 development	 (NPD)	 process	 through	 a	
3DCE	based	approach.	 It	 covers	 the	 contextual	 dynamics	of	 E-3DCE,	 exists	on	 the	 strategic	 and	
tactical	 levels	and	covers	how	an	organisation	decides	on	its	overall	direction	and	the	method	it	











improve	or	exercise	 its	core	capability,	or	 it	wants	to	meet	 its	customers’	needs	or	the	needs	of	
the	 firm	 itself.	 However,	 at	 the	 same	 time,	 those	 three	 aspects	 can	 be	 drivers	 for	 product	
development.	 Through	 the	 adoption	 of	 a	 3DCE-based	 approach	 to	 product	 development,	 the	
process	 can	 be	 seen	 as	 being	 comprised	 simultaneously	 of	 product	 design,	 process	 design	 and	
supply	 chain	 design	 (Fine,	 1998).	 If	 a	 firm	 possesses	 early	 supplier	 integration	 (ESI)	 as	 a	 core	
capability,	 the	 shift	 from	 traditional	 NPD	 to	 3DCE	 can	 be	 instigated	 through	 practices	 such	 as	
supplier	 collaboration	 in	 new	product	 development	 (SCNPD)	 (Chu	 et	 al.,	 2006;	 Chung	 and	 Kim,	
2003;	Ragatz	et	al.,	1997;	Stephan	and	Schindler,	2011;	Flynn	et	al.,	2010)	production	outsourcing	
(van	 Echtelt	 et	 al.,	 2008;	 Stephan	 and	 Schindler,	 2011)	 and	 supply	 chain	 management	 (SCM)	
(Fraser	 et	 al.,	 2003).	 In	 turn,	 competency	 at	 these	 three	 practices	 can	 lead	 to	 ESI	 as	 a	 core	
capability	(Vera	and	Crossing,	2004).	The	core	capabilities	of	a	firm	greatly	influence	its	strategy,	




capability.	 In	 terms	 of	 environmental	 considerations,	 these	 are	 likely	 to	 enter	 the	NPD	process	
due	 to	 either	 customer	 or	 corporate	 value	 proposition	 (Pujari	 et	 al.,	 2003).	 Through	 the	
simultaneous	practice	of	eco-design,	environmentally	responsible	manufacturing	(ERM)	and	green	
supply	chain	development	(GSCD),	a	firm	can	then	move	from	performing	3DCE	to	performing	E-
3DCE.	 As	 with	 ESI,	 the	 ability	 to	 successfully	 integrate	 environmental	 considerations	 into	 the	
product	development	process	can	become	a	core	capability	that	leads	to	competitiveness.		
To	 supplement	 Figure	 22	 and	 add	 more	 understanding,	 the	 reference	 model	 in	 Figure	 23	
highlights	the	interactions	of	various	factors	that	are	at	play	in	the	illustrated	scenario.	The	model	
is	 based	 on	 splitting	 the	 product	 development	 into	 its	 motivations,	 which	 are	 corporate	 value	








The	 lifecycle	 of	 an	 industry,	 its	 clockspeed,	 has	 an	 impact	 on	 the	 competitiveness	 of	 the	 firms	





capabilities	 (Leonard-Barton,	 1995)	 [5].	 The	 adoption	 of	 a	 3DCE-based	 approach	 is	 positively	
impacted	by	ESI,	 this	means	 that	 the	 implementing	 firm	will	 increase	 supplier	 involvement	 in	 a	
various	aspects	of	 their	product	development	process	 (Petersen	et	al.,	2005);	at	 the	same	time,	
having	 ESI	 within	 the	 firm	 makes	 the	 adoption	 of	 a	 3DCE-based	 approach	 easier	 as	 early	
consideration	of	 supply	 factors	already	exists	 (Stephan	and	Schindler,	2011)	 [6].	 If	not	 correctly	
managed,	ESI	can	have	a	positive	impact	on	value	chain	migration	(Chung	and	Kim,	2003)	[7];	this	
means	 that	 the	 initiating	 firm	 can	 unwittingly	 give	 up	 the	 value	 adding	 aspects	 of	 the	 product	
being	developed	to	members	of	the	supply	chain.	This	pitfall	results	in	firms	approaching	ESI	with	
caution,	 however,	 the	 likelihood	 of	 value	 chain	 migration	 can	 be	 mitigated	 through	 superior	
supply	 chain	 design	 that	 is	manifested	 in	 the	 architecture	 of	 the	 supply	 chain	 (Fine,	 1998)	 [8].	
Well-executed	 supply	 chain	 architectures	 have	 a	 positive	 impact	 on	 competitiveness	 as	 value	
creation	is	still	within	the	firm	(Fine,	1998)	[4]	and	on	the	environmental	performance	of	products	
produced	as	 the	 firm	will	have	more	control	of	 the	components	 from	the	supply	chain	 that	are	
being	incorporated	into	its	products	(Horbach,	2008;	Boons	and	Luedeke-Freund,	2013;	Forsman,	
2013)	 [9].	Ultimately,	 the	key	 factor	 is	 competitiveness;	 through	 the	use	of	 the	3DCE	approach,	
firms	 can	 aim	 to	 attain	 a	 competitive	 advantage.	 In	 the	 future	 this	 advantage	 is	 likely	 to	 be	
influenced	 by	 the	 firm’s	 ability	 to	 produce	 environmentally	 competitive	 products	 (Boons	 and	
Luedeke-Freund,	2013;	Forsman,	2013).	
The	 exploration	 of	 the	 E-3DCE	 contextual	 dynamics	 forms	 a	 theoretical	 base	 for	 the	 argument	
that	 the	 environmental	 performance	 of	 products	 (from	 ENPD)	 can	 be	 integrated	 as	 a	 driver	 of	






model	 that	 is	 proposed	 to	 highlight	 how,	 operationally,	 an	 organisation	 can	 integrate	














Typically,	 information	 sharing	 within	 the	 supply	 chain	 is	 associated	 with	 maximising	
responsiveness	 and	 efficiency	while	minimising	 cost	 (Lee	 et	 al.,	 2000;	 Yu	 et	 al.,	 2001;	 Lee	 and	
Whang,	 2000;	 Zhou	 and	 Benton	 Jr,	 2007),	 with	 the	 relationships	 formed	 handled	 by	 the	
procurement	 and/or	 logistics	 department;	 while,	 information	 sharing	 within	 the	 product	
development	chain	is	allied	with	the	acquisition	of	resources	and	capabilities	to	improve	product	
offerings	(Kim	et	al.,	2006;	Zhang	et	al.,	2004),	with	the	collaborative	relationships	formed	more	




that	 one	 source	 of	 differential	 performance	 between	 firms	 is	 the	 way	 in	 which	 they	 organise	
exchange	activity	(Conner	and	Prahalad,	1996),	which	is	related	to	the	supply	chain.	Therefore,	it	
would	seem	 logical	 to	 then	deduce	 that	amalgamation	of	 the	 two	 forms	of	 information	sharing	
would	result	in	advantages	gained	through	the	unified	use	of	the	formed	relationships,	enriching	
the	depth	and	quality	of	 information	 shared	 via	both	design	and	 supply	 chains.	With	particular	
focus	 on	 design	 chains	 and	 collaborative	 design,	 utilising	 supply	 chain	 information	 sharing	
relationships	 and	 methods	 within	 the	 product	 development	 process	 would	 offer	 a	 means	 of	
augmenting	the	match	between	product	and	process,	which	most	companies	accomplish	through	
concurrent	 engineering,	 with	 an	 additional	 consideration	 of	 supply	 chain	 configuration.	 This	 is	
particularly	 key	 with	 ENPD	 because	 the	 environmental	 performance	 of	 a	 product	 is	 the	
amalgamation	 of	 its	 environmental	 impact	 through	 all	 the	 stages	 of	 its	 lifecycle,	 from	 the	
extraction	of	raw	materials	to	its	end	of	life,	it	is	dependent	on	the	totality	of	the	supply	chain	in	
both	 upstream	 and	 downstream	 directions	 throughout	 its	 lifecycle.	 To	 fully	 understand	 the	
environmental	 profile	 of	 the	 product	 being	 designed,	 it	 is	 necessary	 to	 take	 into	 account	 the	
product’s	 impact	 throughout	 the	 various	 stages	 of	 its	 lifecycle	 as	 well	 as	 the	 environmental	
performance	 of	 the	 various	 supply	 chain	 partners	 associated	 with	 it	 through	 the	 parts	 and	
services	that	they	provide.	This	means	that	the	information	required	from	the	supply	network	is	
varied	 in	 nature,	 including	 product	 related	 information	 (e.g.	 cost,	 performance,	 materials,	
manufacturing	processes,	etc.)	and	company	related	 information	(e.g.	 location,	transport,	waste	
management,	etc.).		





Although	asymmetric	 information	-	which	refers	 to	various	members	of	 the	supply	chain	having	
differing	 states	 of	 information	 relating	 to	 cost,	 resources,	 performance	 status	 and	 market	
conditions	 -	exists	within	 today’s	supply	chains,	 firms	are	continuously	working	to	 fill	 in	existing	
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gaps	to	avoid	misunderstandings,	opportunism	and	making	sub-optimal	decisions.	As	an	example,	
a	 component	 manufacturer	 is	 likely	 would	 to	 be	 able	 to	 supply	 information	 regarding	 the	
materials	 and	 manufacturing	 processes	 related	 to	 aspects	 of	 the	 component	 that	 they	 have	
designed	 in-house;	however,	without	 requesting	 it	 from	 their	 own	 suppliers	 they	would	not	be	
able	to	provide	the	same	information	for	parts	that	they	buy	in.		It	is	expected	that	with	time,	as	
the	 supply	 chain	 becomes	 more	 familiar	 with	 information	 requests	 for	 ENPD	 purposes,	 the	
sharing	of	it	through	the	supply	chain	will	increase,	along	with	its	completeness.	
In	an	ideal	scenario,	the	organisation	conducting	ENPD	would	request	and	attain	from	their	supply	
chain	 network	 eco	 information	 (such	 as	 results	 of	 various	 environmental	 assessments	 on	 their	
products,	 services	and	 themselves)	 that	 they	would	be	able	 to	embed	 into	 their	 ENPD	process.	
However,	not	all	members	of	the	supply	network	will	have	access	to	that	type	of	information	and	
in	 some	cases	when	 they	do,	 they	 could	 class	 it	 as	proprietary	 information	and	be	unwilling	 to	
share	it.	One	way	of	mitigating	the	presence	of	asymmetric	information	is	to	take	a	step	back	and	





augment	 and	 promote	 information	 sharing	 and	 real	 collaboration.	 Supply	 chain	 information	
sharing	 can	 be	 facilitated	 through	 the	 use	 of	 a	 web-based	 information-sharing	 portal.	 Supplier	
portals	have	been	found	to:	promote	 information	sharing	and	coordination	of	operational	 flows	
(McIvor	 and	McHugh,	 2000);	 support	 supplier	management;	 and	 create	 a	 sense	 of	 community	
among	buyers	and	 suppliers;	 and	 increase	 the	 stability	of	 relationships	and	 suppliers’	 loyalty	 to	
their	customers	 (Roberts,	1999).	Shifting	 from	being	utilised	only	as	an	e-procurement	 tool,	 the	
collaborative	 potential	 within	 supplier	 web	 portals	 means	 that	 they	 can	 aid	 in	 the	 sharing	 of	
supply	chain-based	information	that	can	be	used	in	the	ENPD	process.		
The	information	coming	in	from	the	supply	chain	though	the	web	portal	can	be	stored	in	a	supply	
network	 database,	 this	 is	 a	 database	 that	 the	 organisation’s	 supply	 chain	 department	 would	
oversee	to	ensure	that	the	information	being	input	is	of	the	right	nature	and	format.	Responsible	
for	mitigating	 supply	 chain	 risk	 and	 ensuring	 supply	 chain	 visibility	 to	 heighten	 responsiveness,	
the	organisation’s	internal	supply	chain	function	(i.e.	supply	chain	team)	might	already	be	familiar	




and	 Cooper,	 2003).	 In	 this	 case,	 information	 from	 the	 supply	 network	 can	 be	 used	 to	 create	 a	
descriptive	 ‘as-is’	map	of	 the	product	 that	 the	organisation	 is	 looking	 to	make	green.	 This	map	
aims	 to	 be	 a	 graphical	 representation	 of	 all	 the	 supply	 chain	 members	 that	 interact	 with	 the	
product	at	all	 stages	of	 its	 lifecycle	 (from	raw	material	extraction	 to	end-of-life)	and	will	aim	to	
contain	as	much	 information	as	possible	pertaining	 to	 these	 supply	 chain	members.	 Essentially,	
the	supply	chain	department	will	be	responsible	 for	encouraging	 information	sharing	within	the	
company’s	 supply	 network,	 attaining	 supply	 chain	 maps	 that	 are	 as	 complete	 as	 possible	 and	
ensuring	that	the	information	in	the	supplier	database	is	as	up	to	date	and	complete	as	possible.		
The	information	stored	on	the	products	and	services	will	be	intrinsically	 linked	to	those	that	are	
providing	 it	 and	 it	 can	 be	 described	 as	 being	 supplier-specific	 information.	 It	 is	 this	 supplier-
specific	type	of	information	that	will	be	key	in	integrating	the	supply	chain	into	the	ENPD	process.	
It	means	 that	when	 the	product	designer	 is	 confronted	with	 selecting	a	 component	 to	use	 in	a	











of	 cost	 and	 typical	 practicalities	 of	 industry.	 Essentially,	 the	 architecture	 of	 these	 software	
platforms	 is	 based	 on	 the	 integration	 of	 various	 tools	 into	 the	 same	 structure,	 with	 the	 tools	
communicating	to	support	the	entire	product	design	process;	an	example	of	a	tool	is	a	S-LCA	tool	
which	 identifies	where	 environmental	 hotspots	 are,	 or	 processes	where	 emissions	 of	 particular	
interest	occur	in	the	lifecycle	of	the	product.	Each	tool	within	such	a	platform	will	examine	design	




information	 used	 when	 conducting	 environmental	 assessments,	 the	 more	 accurate	 and	
representative	of	the	real	life	scenario	the	outputs	will	be.	Additionally,	allowing	the	designer	to	
not	 only	 select	 the	 product,	 but	 also	 to	 specify	 who	 supplies,	 it	 not	 only	 allows	 designers	 to	
evaluate	how	the	supplier	impacts	the	profile	of	the	product,	but	it	could	also	cut	down	product	
development	 time	 as	 they	 will	 not	 have	 to	 get	 the	 supply	 chain	 department	 to	 source	 the	
suppliers	before	conducting	environmental	assessments.	Essentially,	supply	chain	design	becomes	
an	output	of	the	ENPD	process,	as	by	selecting	the	products	they	want,	the	designers	will	also	be	





would	 allow	 it	 to	 serve	 as	 a	 foundation	of	 the	design	of	 the	 supply	 chain	 that	will	 support	 the	
designed	product	and	can	result	in	a	‘to-be’	supply	chain	map	for	the	product	being	designed.	The	
early	 supply	 chain	 design	 would	 result	 in	 the	 basic	 configuration	 of	 the	 supply	 chain	 being	
outlined	 based	 on	 the	 suppliers	 whose	 contributions	 have	 informed	 the	 product	 development	
process.	Supply	chain	design	 includes	making	decisions	 relating	 to	 suppliers	and	 their	 selection,	
proximity	 to	 supplier	 and	 the	 like,	 these	 same	 decisions	 have	 an	 impact	 on	 the	 environmental	
performance	 of	 product,	 and	 it	 is	 the	 availability	 of	 such	 information	 during	 the	 product	
development	process	that	not	only	allows	for	accurate	environmental	assessments	to	be	carried	
out	but	also	improves	their	accuracy.	The	configuration	of	the	supply	chain,	which	is	determined	








can	carry	out,	 the	better	 the	environmental	profiles	of	 the	products	 that	 they	can	produce	and	
the	more	 competitive	 they	 can	 become.	 The	more	 they	 conduct	 ENPD	 this	 way,	 and	 focus	 on	
getting	a	stream	of	accurate,	up-to-date	and	complete	information	from	their	supply	network,	the	
more	they	exercise	their	capability	and	the	closer	they	become	to	making	it	core.	This	vital	flow	of	
information	 from	 the	 supply	 chain	 into	 the	 design	 process	 is	 key	 to	 ENPD	 and	 is	 how	
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As	 ENPD	 is	 essentially	 NPD	 with	 an	 added	 constraint,	 it	 is	 not	 a	 radically	 different	 process	 to	
conventional	 NPD.	 It	 does	 however	 involve	 adding	 a	 further	 level	 of	 complexity	 into	 the	 NPD	























Research	Question	3:	What	 is	 the	state	of	supply	chain	awareness	 in	companies	and	
how	can	it	be	used/improved	for	the	benefit	of	supply	chain	information	sharing?		
3.4 RESEARCH	OBJECTIVES	
The	 ENPD	 with	 supply	 chain	 design	 framework	 represents	 a	 shift	 from	 traditional	 concurrent	
engineering,	through	a	3DCE	based	approach,	which	places	emphasis	on	the	simultaneous	design	
of	 the	 product	 and	 process	 by	 adding	 supply	 chain	 design.	 Not	 only	 does	 it	 advocate	 for	 the	
inclusion	of	supply	chain	design,	 it	urges	 that	 the	supply	chain	design	be	carried	out	as	early	as	
possible.	 Due	 to	 this	 added	 element	 of	 supply	 chain	 design	within	 the	 ENPD	 process,	 a	 3DCE-







methods.	 To	 fully	 explore	 the	 benefits	 that	 lie	 within	 it,	 it	 is	 important	 to	 provide	 tools	 or	
methods	that	can	be	applied	directly	to	the	environmental	product	development	process	to	show	
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explicitly	 how	 environmental	 considerations	 can	 be	 integrated	 into	 the	 product	 development	
process	 thorough	 supply	 chain	 design.	 As	 3DCE	 encourages	 the	 early	 consideration	 of	 the	
additional	element	of	supply	chain	design,	it	stands	to	reason	that	methods	developed	based	on	it	




The	method	 to	be	developed	 for	 the	 integration	of	 environmental	 considerations	 into	 the	NPD	
process	should	be	rooted	in	early	supply	chain	design,	this	being	achieved	by	allowing	designers	
access	 to	 supplier-specific	 information	 during	 the	 ENPD	 process.	 As	 the	 aim	 of	 the	 developed	
method	 is	 to	 help	 in	 the	 early	 integration	 of	 environmental	 considerations,	 it	 is	 important	 to	
critically	 assess	 its	 performance	 in	 this	 regard.	 The	 need	 to	 critically	 assess	 the	 outputs	 of	 the	
ENPD	 process	 carried	 out	 with	 early	 supply	 chain	 design,	 in	 terms	 of	 predetermined	
environmental	attributes,	led	to	the	following	penultimate	research	objective	being	formulated:	





the	ENPD	process.	While	 the	developed	method	will	 focus	on	supplier-specific	 information,	 it	 is	






















added	if	events	or	findings	evoke	them.	Lastly,	 it	 is	holistic	because	it	 is	bringing	together	topics	


































This	 chapter	 outlines	 the	 design	 of	 the	 research	 study;	 it	 spans	 from	 broad	 philosophical	


















CREDIBILITY	 	 	 4.5	
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As	 the	 design	 of	 a	 research	 study	 to	 address	 a	 problem	 or	 answer	 a	 question	 is	 invariably	
constrained	by	both	the	practicable	and	ethical,	within	the	research	design	it	is	important	to	have	
an	understanding	of	the	outer	layers	of	research	philosophy,	methodological	choices,	strategies,	
and	 time	 horizons	 and	 their	 inter-relationships	 (Saunders	 et	 al.,	 2009).	 This	 is	 paramount	 as	 it	
helps	 ensure	 that	 they	 core	 of	 data	 collection	 techniques	 and	 analysis	 procedures	 used	 in	 the	





As	 a	 project	 that	 aims	 to	 integrate	 supply	 chain	 design	 into	 new	 product	 development,	 this	
project	 falls	 in	an	area	overlapping	design	research	and	supply	chain	management	research.	On	
the	one	hand,	design	 research	 is	 concerned	with	 the	 formulation	and	validation	of	models	 and	
theories	 about	 the	 phenomenon	 of	 design	 as	 well	 as	 developing	 and	 validating	 knowledge,	
methods	 and	 tools	 founded	 on	 these	 models	 and	 theories	 with	 the	 aim	 to	 improve	 design	
(Blessing	and	Chakrabarti,	2009).	While	on	the	other,	 it	can	be	said	that	SCM	is	concerned	with	
the	 same	 aspects	 from	 the	 perspective	 of	 supply	 chain	 related	 issues	with	 the	 aim	 to	 improve	








EXPLORATORY	 Explore	 what	 is	 happening	 and	 ask	 questions	about	it	(Saunders	et	al.,	2009).		
Literature	Review	and	
Research	Framework	




Developing	 support	 to	 enhance,	 eliminate	 or	
reduce	 the	 effect	 of	 certain	 critical	 factors	
(Blessing	and	Chakrabarti,	2009).		
RO2	and	RO4	






the	 research	 problem,	 the	 researchers	 personal	 experience	 and	 the	 audience	 of	 the	 study	
(Creswell,	2013).	As	recommended	by	Saunders	et	al.	(2009)	the	research	design	of	this	study	was	
based	 around	 the	 analogy	 of	 the	 onion,	 which	 starts	 off	 by	 outlining	 the	 philosophical	
assumptions	that	ground	the	research	and	zones	 in	by	peeling	off	 layer	by	 layer	until	 it	 reaches	









they	 make	 (Lincoln	 et	 al.,	 2011;	 Mertens,	 2010);	 others	 have	 referred	 to	 them	 as	 worldviews	
(Guba,	 1990),	 epistemologies	 and	 ontologies	 (Crotty,	 1998),	 or	 broadly	 conceived	 research	
methodologies	(Neuman,	2009).	While	they	remain	largely	hidden	in	research,	they	still	influence	
the	 practice	 of	 research	 and	 need	 to	 be	 identified;	 it	 is	 these	 paradigms	 that	 determine	 the	
research	approach	adopted.	Making	explicit	what	larger	philosophical	ideas	are	espoused	helps	in	
explaining	why	certain	approaches	were	chosen	for	the	research.		
Research	 projects	 traditionally	 fit	 into	 either	 the	 socio-constructivist	 paradigm	 (typically	 allied	
with	 qualitative	 research),	 or	 the	 positivist	 paradigm	 (typically	 linked	 to	 quantitative	 research),	
each	 with	 its	 own	 set	 of	 epistemological	 assumptions,	 research	 cultures	 and	 researcher	
biographies	 (Brannen,	 1992).	 Socio-constructivism	 is	 based	 around	 understanding,	 multiple	
participant	meanings,	social	and	historical	construction,	and	theory	generation;	while	positivism	is	
based	around	determination,	reductionism,	empirical	observation	and	measurement,	and	theory	
verification	 (Creswell,	 2013).	 Both	 design	 and	 SCM	 research	 can	 either	 be	 quantitative	 or	
qualitative;	however,	 the	 focus	and	 social-science	nature	of	 this	 research	project	 lends	 itself	 to	
the	 social-constructivist	 paradigm	 which	 endorses	 qualitative	 research	 methods	 as	 the	 most	
appropriate.	However,	adopting	 just	 this	paradigm	presents	 limitations	as	quantitative	positivist	
methods	that	utilise	natural	science	tools	are	completely	neglected	(Creswell,	2004).	As	a	result,	
this	project	will	adopt	a	pragmatic	paradigm	based	on	compatibility	theory,	which	acknowledges	
the	 different	 philosophical	 assumptions,	 strengths	 and	 weaknesses	 associated	 social-
constructivism	and	positivism	and	advocates	for	the	use	of	methods	within	the	two	paradigms	in	
the	 same	 study;	 this	 is	 represented	 in	Figure	27.	Pragmatism	derives	 from	 the	works	of	Peirce,	
James,	Mead,	and	Dewey	(Cherryholmes,	1992).	While	there	are	many	forms	of	this	philosophy,	











ONTOLOGICAL	 Reality	 is	 multiple	 as	 seen	through	many	views	




participants;	 attempts	 to	 lessen	
distance	between	researcher	and	
what	is	being	researched	
Researcher	 uses	 quotes	 from	 participants	 as	




that	 research	 is	 value-laden	 and	
biases	are	present	
Researcher	 openly	 discusses	 values	 that	
shape	 the	 narrative	 and	 includes	 own	




topic	 studied	 within	 its	 context	
and	use	of	emerging	design	
Researcher	 works	 with	 particulars	 (details)	
before	generalisations,	describes	in	detail	the	




Pragmatists	 are	 not	 wedded	 to	 either	 positivism	 or	 interpretivism	 as	 ‘dualism’,	 or	 theory	 of	
opposing	 concepts;	 they	 view	 this	 dichotomy	 as	 unhelpful	 and	 choose	 instead	 to	 see	 these	
philosophical	positions	as	either	end	of	a	continuum,	allowing	a	choice	of	whichever	position	or	
mixture	 of	 positions	 that	will	 help	 in	 the	 undertaking	 of	 the	 research	 (Tashakkori	 and	 Teddlie,	
2010).	 The	 nature	 of	 the	 research	 question,	 the	 research	 context	 and	 likely	 research	
consequences	 are	 driving	 forces	 determining	 the	 most	 appropriate	 methodological	 choice	
(Nastasi	et	al.,	2010).	Both	quantitative	and	qualitative	research	are	valued	and	the	exact	choice	
will	 be	 contingent	 on	 the	 particular	 nature	 of	 the	 research.	 Resultantly,	 this	 lead	 to	 a	multiple	
methods	 research	 design	 being	 employed	 for	 this	 research	 project;	 its	 diversity	 presents	 an	
excellent	 fit	 as	 it	mirrors	 the	 array	 of	 issues	 related	 to	 SCM	 and	 design	 research	 and	 it	 is	 also	
increasingly	 advocated	 for	 within	 management	 research	 (Bryman,	 2006).	 It	 is	 also	 desirable	
because	 it	 gives	a	more	complete	view	and	can	be	designed	 to	match	 requirements	during	 the	
different	 phases	 of	 the	 research	 project	 which	 make	 very	 specific	 demands	 on	 a	 general	
methodology	 (Brannen,	 2005)	 and	 is	 likely	 to	 overcome	 the	 weaknesses	 associated	 with	 using	
only	one	method	as	well	as	providing	scope	for	richer	data	collection,	analysis	and	interpretation	
(Saunders	 et	 al.,	 2009).	 As	 opposed	 to	 multi-method	 research,	 where	 more	 than	 one	 data	
collection	 technique	 is	 used	 with	 associated	 analysis	 procedures,	 but	 restricted	 within	 either	
quantitative	 or	 qualitative	 design	 (Tashakkori	 and	 Teddlie,	 2010),	 this	 research	 will	 be	 mixed	
methods.		
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In	 mixed	 methods	 research	 qualitative	 and	 quantitative	 research	 are	 combined	 in	 a	 single	
research	design;	this	matches	the	research	methodology	suggested	by	Snow	and	Thomas	(1994)	
and	Wacker	 (1998)	 for	 the	 development	 of	 new	 understanding,	 to	 better	 develop	 the	 study’s	
hypotheses	and	to	ground	a	set	of	constructs	 for	empirical	 testing.	 	When	conducting	research,	
adopting	 a	 methodology	 results	 in	 a	 better-planned	 research	 process,	 thereby	 increasing	 the	
chances	of	 obtaining	 valid	 and	useful	 results.	However,	 the	nature	of	methodology	 is	 heuristic,	
rather	 than	 algorithmic,	 and	 such	 outcomes	 cannot	 be	 guaranteed	 (Blessing	 and	 Chakrabarti,	
2009).	With	researchers	possessing	differing	backgrounds	and	interests,	each	research	process	is	
unique;	a	methodology	can	only	support	this	process.		
Mixed	 methods	 research	 resides	 in	 the	 middle	 of	 the	 qualitative	 and	 quantitative	 research	
continuum	because	it	incorporates	elements	of	both;	it	integrates	two	forms	of	data	using	distinct	
designs	 that	 may	 involve	 theoretical	 frameworks	 and	 theoretical	 assumptions.	 The	 core	
assumption	 of	 this	 form	 of	 inquiry	 is	 that	 the	 combination	 of	 qualitative	 and	 quantitative	
approaches	provides	a	more	complete	understanding	of	a	research	problem	than	either	approach	





philosophy.	 Mixed	 methods	 research	 also	 is	 an	 attempt	 to	 legitimate	 the	 use	 of	 multiple	
approaches	 in	answering	research	questions,	 rather	than	restricting	or	constraining	researchers'	
choices	(i.e.,	it	rejects	dogmatism).	It	is	an	expansive	and	creative	form	of	research,	not	a	limiting	
form	of	research	as	 it	 is	 inclusive,	pluralistic,	and	complementary,	and	suggests	that	researchers	














The	 logic	 of	 inquiry	 within	 mixed	 methods	 can	 take	 the	 form	 of	 induction	 (or	 discovery	 of	
patterns),	deduction	 (testing	of	 theories	and	hypotheses),	or	 abduction	 (uncovering	and	 relying	
on	the	best	of	a	set	of	explanations	for	understanding	one's	results)	 (de	Waal,	2001).	 Instead	of	
moving	 from	 theory	 to	 data	 (as	 in	 deduction)	 or	 data	 to	 theory	 (as	 in	 induction),	 an	 abductive	
approach	moves	 back	 and	 forth,	 in	 effect	 combining	 deduction	 and	 induction	 (Suddaby,	 2006).	
Thus,	 the	 reasoning	 approach	 adopted	 has	 implications	 on	 the	 research.	 While	 a	 multiple	
methods	research	design	may	use	either	a	deductive	or	inductive	approach,	it	is	likely	to	combine	





Easterby-Smith	et	 al.	 (2008)	 suggest	 that	establishing	 the	 reasoning	approach	 is	 important	as	 it	
allows	 for	 decisions	 to	 be	 made	 regarding	 the	 research	 design,	 informs	 decisions	 regarding	






questions	 were	 developed;	 data	 collection	 and	 analysis	 allow	 for	 the	 refinement	 of	 the	
conceptual	 framework.	 During	 abductive	 research,	 data	 is	 collected	 to	 explore	 a	 phenomenon,	
identify	themes	and	explain	patterns,	to	generate	a	new	or	modify	an	existing	theory,	which	will	
subsequently	 be	 tested	 thought	 additional	 data	 collection.	 Due	 to	 its	 usefulness	 in	 the	
development	 of	 new	 theories,	 this	 study	made	use	 of	 systematic	 combining,	where	 theoretical	
framework,	 empirical	 fieldwork	 and	 case	 analysis	 evolve	 simultaneously	 (Dubois	 and	 Gadde,	




While	abduction	does	offer	a	number	of	advantages,	 it	 is	 important	 to	be	aware	 that	 there	are	
some	issues	associated	with	it	that	should	be	taken	into	consideration.	It	tends	to	be	protracted,	
especially	 when	 compared	 to	 deductive	 research;	 often	 the	 ideas,	 based	 on	much	 longer	 data	
collection	 and	 analysis,	 have	 to	 emerge	 gradually.	 In	 addition	 to	 not	 providing	 absolute	 proof,	
there	 is	 an	 inherent	 risk	 that	 no	 useful	 data	 patterns	 and	 theory	 will	 emerge	 from	 the	 data.	
Reverberating	 the	 feeling	 of	 Buchanan	 et	 al.	 (1988)	 who	 argue	 that	 ‘needs,	 interests	 and	
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preferences	 (of	 the	 researcher)…	 are	 typically	 over-looked	 but	 are	 central	 to	 the	 progress	 of	
fieldwork’.	Hakim	(2000)	argues	that	not	all	decisions	regarding	the	choice	of	research	approach	
should	be	practical.	The	approach	adopted,	just	like	that	of	a	designer,	may	reflect	the	preferred	
style	of	 the	 researcher.	Not	only	did	adopting	an	abductive	approach	match	 the	preferences	of	
the	 researcher,	 it	 also	 did	 not	 result	 in	 any	 changes	 to	 the	 essence	 of	 the	 research	 questions,	
which	is	a	common	pitfall	to	be	cautious	of.		
4.2.4 MULTI-PHASE	DESIGN	RESEARCH	STRATEGY	
Different	 combinations	 of	 mixed	 methods	 research	 characteristics	 lead	 to	 various	 research	














































is	 undertaken.	 As	 the	 research	 project	 was	 undertaken	 to	 explore	 supply	 chain	 design	 within	
ENPD	at	a	particular	time,	it’s	time	horizon	is	considered	to	be	cross-sectional	(it	is	a	snap	shot	of	
the	 opportunity	 being	 explored	 at	 a	 particular	 time).	 	 This	 is	 opposed	 to	 longitudinal	 studies,	
which	are	repeated	over	an	extended	period.		
4.2.6 CASE	STUDY	AND	CONTROLLED	EXPERIMENT	DATA	COLLECTION	
The	 innermost	 layer	 of	 the	 research	 onion	 represents	 the	methods,	 techniques	 and	 procedure	
that	make	up	 the	 study.	 Essentially,	 these	 are	 the	 activities	 that	will	 be	 carried	out	 in	 order	 to	
answer	the	research	questions	and	fulfil	the	research	objectives.	This	section	aims	to	summarise	
the	methods,	 techniques	and	procedures	presented	 in	more	detail	 in	Chapter	5	and	Chapter	6.	
The	QUAL	phase	is	based	on	case	studies,	while	the	QUAN(qual)	phase	of	the	research	strategy	is	
realised	 through	controlled	experiments.	Table	17	outlines	what	 is	entailed	 in	 the	stages	of	 the	




































































weaknesses	 in	 comparison	 with	 other	 methods	 that	 are	 used	 within	 management	 and	


























































































As	 multi-methodology	 employs	 different	 research	 techniques,	 the	 strategy	 of	 triangulation	 –	
where	the	choice	of	methods	is	intended	to	investigate	a	single	social	phenomenon	from	different	
vantage	points	(Denzin,	1970)	–	can	be	adopted.	Figure	33	illustrates	the	three	different	types	of	
triangulation	 that	 will	 be	 carried	 out	 within	 this	 research	 project.	 The	 first	 is	 methodological,	
which	refers	to	the	use	of	multiple	methods	to	study	the	same	research	problem;	this	is	achieved	
through	 the	 use	 of	 the	multi-methodology	 approach.	 The	 second	 is	 data	 triangulation	where	 a	
variety	 of	 data	 sources	 are	 utilised	 in	 the	 research;	 in	 this	 it	 is	 the	 use	 of	 interviews	 and	
experiments.		
It	 is	 important	 to	note	 that	one	cannot	assume	 that	data	 collected	 from	different	methods	will	
corroborate	as	implied	in	the	triangulation	strategy	(Denzin,	1970).	Data	collected	from	different	
methods	 cannot	 be	 simply	 added	 together	 to	 produce	 a	 unitary	 or	 rounded	 reality.	 When	
methods	 are	 combined,	 there	 are	 a	 number	 of	 possible	 outcomes;	 corroboration,	 where	 the	
findings	 are	 similar,	 is	 only	 one	 of	 at	 least	 four	 possibilities	 (Morgan,	 1998;	 Bryman,	 2001;	
Hammersley,	 1996).	 The	 others	 include	 contradiction,	 where	 findings	 conflict;	 complementary,	
where	findings	differ	but	offer	insights	and	elaboration,	where	one	set	of	findings	exemplify	how	
the	other	set	of	finding	applies	in	particular	cases	(Brannen,	2005).	Additionally,	it	is	important	to	































As	 the	 researcher	 must	 have	 some	 way	 of	 demonstrating	 that	 the	 findings	 are	 ‘true’,	 the	
assessment	and	verification	of	a	research	study	 is	vital.	 In	the	absence	of	verification,	 the	study	
would	lack	credibility	and,	as	Silverman	(2006)	has	stressed,	credibility	is	essential	for	all	research	
whether	it	be	qualitative	or	quantitative	in	nature.	The	credibility	(or	validity)	of	research	should	
be	 demonstrated	 as	 part	 of	 the	 research	 process	 and	 should	 not	 be	 taken	 for	 granted.	 For	














































































As	 it	 incorporates	 elements	 of	 both,	 mixed	 method	 research	 resides	 in	 the	 middle	 of	 the	
qualitative	 and	 quantitative	 research	 continuum;	 it	 integrates	 two	 forms	 of	 data	 using	 distinct	
research	designs	that	may	involve	theoretical	frameworks	and	theoretical	assumptions.	The	core	




Based	 on	 compatibility	 theory,	 the	 research	 project	 adopted	 a	 pragmatic	 philosophy,	 which	
acknowledges	 the	 different	 philosophical	 assumptions,	 strengths	 and	 weaknesses	 associated	
social-constructivism	 and	 positivism	 and	 advocates	 for	 the	 use	 of	 methods	 from	 the	 two	
paradigms	in	the	same	study.	This	was	supported	by	a	mixed	method	complex	methodology	and	
abductive	 reasoning,	 which	 resulted	 in	 a	 multi-phase	 design	 research	 strategy.	 The	 research	
strategy	 can	 be	 described	 as	 QUAN(qual)èç	QUAL,	 with	 the	 QUAN(qual)	 phase	 being	 realised	
through	 experiments	 and	 the	 QUAL	 phase	 through	 case	 studies.	 Research	 activities	 were	 also	






















describe	 and	 explore	 the	 real	 life	 context	 within	 which	 environmental	 considerations	 are	
introduced	into	NPD.	The	chapter	contains	details	on	selected	cases,	the	developed	protocol,	data	
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Defined	as	“an	empirical	study	that	investigates	a	contemporary	phenomenon	within	its	real-life	
context,	 especially	 when	 the	 boundaries	 between	 phenomenon	 and	 context	 are	 not	 clearly	
evident”	 (Yin,	 2003),	 the	 case	 study	 is	 ideal	 when	 a	 holistic,	 in-depth	 investigation	 is	 needed	




life	NPD	and	SCM	 interaction	and	describing	and	exploring	 the	 real	 life	 context	within	 in	which	
environmental	 considerations	 are	 introduced	 into	NPD.	 As	 the	 case	 study	 approach	 focuses	 on	




While,	 traditionally,	 the	 case	 study	method	 is	 used	 to	 address	 ‘how’	 and	 ‘why’	 questions,	 Levy	
(1988)	and	Tellies	(1997)	successfully	used	the	method	to	address	‘what’	and	‘who’	questions	in	
their	 information	 technology	 studies;	 this	 project	 adopted	 a	 similar	 approach.	 This	 multi-case	
study	aimed	to	answer	the	following	‘what’	and	‘how’	questions:	
RQ1a:	When	transitioning	to	a	3DCE	based	approach	to	ENPD,	how	should	the	supply	
department	 support	 the	 development	 process	 and	 interact	with	 the	 external	 supply	
chain?	
RQ2:	What	are	 the	challenges	associated	with	 supply	 chain	 information	 sharing	and	
how	 can	 the	 practice	 be	 improved	 through	 the	 use	 of	 supply-based	 methods	 and	
relationships	for	the	benefit	of	product	development?	









RO4:	 Make	 recommendations	 to	 support	 and	 improve	 how	 the	 supply	 chain	 is	
considered	during	the	ENPD	process.		
An	 empirical	 investigation	 of	 a	 contemporary	 phenomenon	within	 its	 real-life	 context,	 like	 the	




be	 described	 as	 being	 an	 explanatory-exploratory	 case	 study.	 The	 exploratory	 strategy	 comes	
from	 the	 need	 to	 examine	 the	 current	 relationship	 between	 various	 product	 development	 and	
supply	 chain	 management	 issues	 that	 have	 the	 potential	 to	 impact	 the	 introduction	 of	







characteristics	 of	 this	 design	 in	 comparison	with	 other	 basic	 case	 study	 designs.	 	Multiple	 case	
designs	 have	 distinct	 advantages	 and	 disadvantages	 in	 comparison	 to	 single	 case	 designs.	 The	
evidence	 from	 multiple	 cases	 is	 often	 considered	 more	 compelling	 and	 the	 overall	 study	 is	
therefore	regarded	as	being	more	robust	(Herriott	and	Firestone,	1983).	The	rationale	for	multiple	
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in	 a	 manner	 similar	 to	 multiple	 experiments,	 with	 similar	 results	 (a	 literal	 replication)	 or	
contrasting	results	(a	theoretical	replication)	predicted	explicitly	at	the	onset	of	the	investigation.	
The	cases	were	chosen	carefully	and	for	the	reasons	described	in	Table	21;	the	table	also	states	
the	 replication	 logic	 associated	 with	 each	 of	 the	 selected	 cases.	 In	 total,	 6	 organisations	 were	
analysed,	the	organisations	can	be	split	into	4	different	cases.	Data	was	not	pooled	across	cases,	













































































































































The	unit	of	analysis	 is	a	critical	 factor	 in	 the	case	study;	within	 the	context	of	 this	 study,	 it	was	
SCM	 issues	within	NPD.	Due	 to	 its	more	complex	or	embedded	design,	 the	unit	of	analysis	also	
incorporated	 subunits	 of	 analysis.	 Based	 on	 the	 questions	 that	 the	 study	 aimed	 to	 answer	 the	
subunits	 of	 analysis	 were	 defined	 as	 outlined	 in	 Table	 22;	 the	 subunits	 are	 also	 linked	 to	 the	
research	 questions	 that	 they	 aimed	 to	 address.	 These	 sub-units	 represent	 the	 issues	 that	 are	
fundamental	to	understanding	SCM	issues	within	NPD,	the	unit	of	analysis	being	examined.		
TABLE	22:	SUBUNITS	OF	ANALYSIS	
















How	 the	 product	 development	 and	 supply	










































































was	 guided	 by	 a	 case	 study	 protocol.	 The	 protocol	 contained	 an	 overview	 of	 the	 case	 study	
project,	 field	procedures,	case	study	questions	and	a	guide	for	 the	case	report.	An	over	view	of	
the	 developed	 protocol	 can	 be	 found	 in	 Appendix	 5.1:	Multi-Case	 Study	 Protocol	 Sections	 and	
Table	 of	 Contents.	 Table	 23	 presents	 an	 overview	 of	 the	 characteristics	 of	 the	 case	 study	
companies	 and	 interview	 informants.	 The	 sector	 classification	 is	 based	 on	 the	 International	
Standard	Industrial	Classification	of	All	Economic	Activities	(UN	Statistics	Division,	2008).	Multiple	
sources	of	data	were	used;	the	evidence	collected	for	each	of	the	cases	is	detailed	in	Table	24.	An	
evaluation	 of	 the	 strengths	 and	 weaknesses	 of	 the	 evidence	 is	 available	 in	 Appendix	 5.2:	
Evaluation	of	Strengths	and	Weaknesses	Used	Evidence.	The	rationale	for	using	multiple	sources	
of	 data	 is	 the	 triangulation	 of	 evidence.	 The	 documentation	 for	 the	 study	 is	 available	 in	 two	














Company	 HQ	Location	 Sector	 No.	of	Employees	
ENPD	












































































Day	 Site	 Visit	 including	 tour	 of	 production;	 Site	 Visit	 Notes;	
Company	Profile;	 Sustainability	Report;	Annual	Report;	R&D	







Interviews	with	 three	key	 informants	 from	R&D,	Production	
and	SCM;	Two	Day	Site	Visit	including	tour	of	production;	Site	
Visit	 Notes;	 Company	 Profile;	 Sustainability	 Report;	 Annual	













Site	 Visit;	 Site	 Visit	Notes;	 Company	 Profile;	 Annual	 Report;	





Data	 analysis	 consists	 of	 examining,	 categorising,	 tabulating,	 testing	 or	 otherwise	 recombining	
evidence,	to	draw	empirically	based	conclusions.		
5.4.1 THE	ANALYSIS	PROCEDURE	
Generally,	 researchers	 interpret	 their	 data	 in	 one	 of	 two	 ways:	 holistically	 or	 through	 coding.	
Holistic	analysis	does	not	attempt	to	break	the	evidence	into	parts,	but	rather	to	draw	conclusions	
based	 on	 the	 text	 as	 a	 whole;	 while	 with	 coding	 data	 are	 systematically	 searched	 to	 identify	
and/or	categorise	 specific	observable	actions	or	characteristics.	Both	were	used	 in	 this	 study	as	
the	 informant	 interviews,	which	 form	 the	 focal	 point	 of	 the	 data	 analysis,	were	 coded	 and	 the	
outputs	 holistically	 interpreted	 along	with	 the	 other	 forms	 of	 evidence	 to	 inform	 the	 narrative	






two	 coding	 cycles	 as	 recommended	 by	 Saldana	 (2013);	 during	 the	 first	 coding	 cycle,	 the	 initial	
coding	of	data	occurs	and	then	in	the	second	cycle	the	outputs	of	the	first	cycle	are	analysed.	The	
different	 cycles	 use	 different	 methods,	 with	 different	 methods	 resulting	 in	 different	 types	 of	
codes	being	generated.	Additionally,	as	recommended	by	Miles	and	Huberman	(1994)	the	coding	
process	was	kick-started	by	a	provisional	‘start	 list’	of	categories	generated	from	the	conceptual	
framework,	 research	 questions	 and	 literature	 review.	 This	 provisional	 ‘start	 list’	 is	 available	 in	




codes	 that	 were	 generated	 and	 Table	 26	 shows	 the	 sequence	 in	 which	 the	 different	 types	 of	































Logs	 essential	 information	 about	 the	 data	 and	 demographic	































Applies	 a	 single	 code	 to	 each	 large	 unit	 of	 data	 in	 the	 corpus	 to	




Begins	 with	 a	 ‘start	 list’	 of	 researcher	 generated	 codes	 based	 on	































































































































HOW	 THEY	 RELATE	 TO	
EACH	OTHER	
The	 main	 aim	 of	 this	 stage	 was	 to	 gain	 a	 better	
understanding	 of	 the	 data	 and	 to	 broadly	 categorise	 it.	





HOW	 THEY	 RELATE	 TO	
EACH	OTHER	
With	 the	 relevant	 data	 categorised	 broadly,	 the	 aim	 of	
this	stage	was	to	explore	it	further	by	assigning	it	to	more	




the	 information	was	 offered	 is	 lost,	with	 this	 in	mind,	 it	
was	 important	 to	make	memos	 of	 any	 contextual	 issues	
and	 insights	 which	 would	 be	 of	 interest	 when	 drawing	



















explained.	 Cross-case	 data	 exploration	 (See	 Section	 5.5.1)	 and	 case-study	 reports	 (See	 Section	
5.5.2)	will	be	used	as	a	vehicle	for	presenting	and	discussing	the	results.	The	results	in	the	cross-
case	exploration	are	the	outcome	of	the	thematic	coding	and	the	case	reports	in	this	section	are	
informed	by	holistic	analysis	of	all	 the	data	which	does	not	attempt	 to	break	 the	evidence	 into	
parts,	but	rather	to	draw	conclusions	based	on	the	data	as	a	whole.	
5.5.1 CROSS-CASE	DATA	EXPLORATION		
The	meta-matrix	 is	a	master	chart	assembling	descriptive	data	 from	each	of	cases	 in	a	standard	
format.	 It	 contains	all	 relevant,	 condensed	data	 that	would	 inform	 the	answers	 to	 the	 research	
questions;	 it	 is	 ordered	 by	 case	 and	 can	 be	 seen	 in	 Appendix	 5.5:	 Case	 Based	 Meta-Matrix.	
Following	 that,	 the	 data	was	 condensed	 further,	 clustered	 by	 case	 and	 partitioned	 by	 research	
question	 to	 create	 separate	 matrices.	 Having	 a	 single	 descriptive	 matrix	 addressing	 a	 single	
research	question	made	cross-case	analysis	simpler	as	overview	of	the	data	was	easier.	Elements	
of	 the	 research	questions	 that	would	 inform	answers	 to	 the	questions	were	 isolated	and	 these	
make	 up	 the	 column	 headings.	 The	 row	 readings	 are	 made	 up	 of	 the	 cases	 and	 the	 relevant	
results	fit	into	the	matrices.	Based	on	the	topics	covered	by	the	research	questions	that	the	multi-





department	 support	 the	 development	 process	 and	 interact	with	 the	 external	 supply	
chain?	
RQ1b	was	 split	 into	 ‘supply	 department	 supporting	 product	 development	 process’	 and	 ‘supply	









based	ENPD	as	 its	 supply	 chain	department	already	 supports	 the	product	development	process	
and	works	closely	with	suppliers.	C002’s	supply	department	currently	has	a	more	active	role	in	the	
product	 development	 process	 than	 C001’s.	 The	 differences	 between	 the	 organisations	 that	 are	












































































































































































































RQ2:	What	are	 the	challenges	associated	with	 supply	 chain	 information	sharing	and	
how	 can	 the	 practice	 be	 improved	 through	 the	 use	 of	 supply-based	 methods	 and	
relationships	for	the	benefit	of	product	development?	
RQ2	was	 split	 into	 ‘information	 sharing	 challenges’,	 ‘information	 sharing	 practices’	 and	 ‘supply	
methods	and	relationships’;	Table	31	is	the	case	ordered	matrix	that	contains	distilled	results	that	
relate	to	these.		
Much	 like	 the	data	 relating	 to	 the	supply	chain	department,	 the	data	 for	 information	sharing	 is	
mostly	replicated	among	the	companies	that	currently	practice	ENPD	and	C002	is	closer	to	those	
organisations	than	to	C001.	Looking	at	the	data	holistically	shows	that	information	sharing	issues	
can	 be	 split	 into	 those	 relating	 to:	 information	 technology;	 availability	 of	 information;	 and	
willingness	to	share.	It	is	those	companies	that	have	open	and	trust-based	relationships	with	their	
suppliers	 that	 seem	 to	be	able	 to	obtain	 information.	 There	 is	 also	 the	 recognition,	particularly	



































































































































































































































































































RQ	3:	What	 is	 the	 state	of	 supply	 chain	awareness	 in	 companies	and	how	can	 it	 be	
facilitated	for	the	benefit	of	supply	chain	information	sharing?		
RQ3	was	split	into	‘state	of	supply	chain	awareness’	and	‘supply	chain	awareness	and	information	
sharing’;	 Table	33	 is	 the	 case-ordered	matrix	 that	 contains	distilled	 results	 that	 relate	 to	 these.	
There	 is	 no	 data	 relating	 C005	 because	 upon	 analysis	 the	 evidence	 collected	 did	 not	 offer	
sufficient	insight	into	the	state	of	supply	chain	awareness	within	C005.		
TABLE	33:	CASE	ORDERED	DESCRIPTIVE	MATRIX	SHOWING	DATA	RELATING	TO	RQ3	
















































































































Supply	 chain	 awareness,	 gained	 through	 supply	 chain	 mapping,	 is	 not	 something	 that	 is	
widespread,	however,	 there	 is	 consensus	amongst	all	 the	cases	 that	 it	 is	an	 important	practice,	






































case	 study	 conducted	 to	 the	 case	 reports	 that	were	produced	and	also	outlines	 their	 form	and	






























motors,	 inverters,	 and	 gearboxes	 and	 specialises	 in	 the	 development	 of	 individual	 software	
solutions	to	control	the	hardware	for	its	clients.	C001	pride	themselves	on	the	individual	service	
that	 they	 offer	 to	 clients	 and	 they	 consider	 the	 specialist	 knowledge	 they	 utilise	 in	 the	 design,	
development	 and	 support	 of	 their	 products	 to	 be	 a	 core	 capability.	 For	 a	 largely	 domestic	
company,	 the	 acquisition	 by	 X001	 gave	 them	 the	 opportunity	 to	 realise	 their	 strategic	 goal	 of	
developing	 an	 export	 market	 and	 competing	 on	 a	 global	 scale.	 Through	 the	 acquisition,	 X001	
assimilated	 C001	 with	 their	 specialised	 knowledge	 and	 expertise	 and	 were	 able	 to	 offer	 more	
specialised	products	 and	 software	under	 their	name,	 a	departure	 from	X001’s	more	 typical	 ‘off	








see	as	an	emerging	Asian	market.	 They	believe	 that	 they	 can	 thrive	 in	 that	market,	 against	 the	
backdrop	of	 possible	 indigenous	 competition,	 if	 they	 offer	 products	 that	 cannot	 be	 imitated	or	




competition.	 The	 results	 of	 these	 analyses	 are	 what	 direct	 R&D	 efforts,	 which	 underpin	 the	
development	of	new	products.		
C001	have	 found	 that	 the	 dynamics	 of	 the	 industry	 they	 operate	 in	 are	 changing;	 an	 emerging	
theme	 is	 that	 of	 ‘environmental	 sustainability’,	 as	 their	 customers	 implement	 environmental	
management	 and	 audit	 systems	 (EMAS)	 under	 ISO	 14001.	 ISO	 14001	 is	 a	 family	 of	 standards	
related	 to	 environmental	 management	 that	 exists	 to	 help	 organisations	 minimise	 how	 their	
operations	negatively	affect	the	environment,	comply	with	applicable	laws,	regulations	and	other	




standards	 in	a	bid	 to	protect	 themselves	against	 cheap	 competition	by	providing	products	with	
proven	 environmental	 legacy.	 The	 adoption	 of	 EMAS	 has	 resulted	 in	 C001	 increasingly	 getting	
requests	to	supply	environmental	reports	or	material	and	energy	certification	information	relating	






lifecycle	costing	 (LCC)	perspective	and	started	publishing	LCC	calculation	 results	 related	 to	 their	
products	 to	help	 customers	 consider	 through	 life	 costs.	 They	 currently	do	not	 conduct	 lifecycle	
assessments	(LCA)	of	their	products	and	here	C001	see	an	opportunity.			
“It	would	 be	 good	 for	 us	 to	 focus	 on	 becoming	market	 leaders	 in	 environmental	
impacts	 of	 energy	 transmission	 and	 be	 able	 to	 provide	 complete	 energy	 reports	
and	full	LCA’s	for	our	motors.”	–	R&D	Informant	
The	 industry	 as	 a	 whole	 is	 not	 yet	 in	 a	 position	 to	 comfortably	 comply	 with	 some	 of	 their	
customers’	 requests	 but	 they	 are	 working	 towards	 it.	 This	 suggests	 that	 being	 ahead	 of	 the	
competition	by	offering	fully	detailed	environmental	reports	could	be	a	source	of	advantage.	C001	
are	 fully	 aware	of	 the	 implications	 that	 come	along	with	being	 that	open	about	 their	products;	
they	 would	 only	 be	 comfortable	 sharing	 any	 environmental	 reports	 if	 the	 results	 showed	 that	
their	products	were	environmentally	competitive	compared	to	other	offerings	on	the	market.		
C001	find	themselves	in	a	situation	where	retaining	current	markets,	defeating	barriers	to	entry	of	
currently	 inaccessible	 markets	 and	 capturing	 emerging	 markets	 depends	 on	 their	 ability	 to	
effectively	 create	 environmentally	 competitive	 products.	 While	 they	 cite	 in	 their	 corporate	
literature	that	they	aim	to	“promote	sustainable	and	shared	development	around	the	world”	by	




allows	 them	 to	meet	 trending	market	needs	and	attain	 a	 competitive	position;	both	are	 key	 to	
their	survival	as	a	company	going	into	the	future.		
The	 scenario	 surrounding	 electric	 motors	makes	motors	 the	 ideal	 product	 for	 C001	 to	 initially	
focus	 their	 environmental	 development	 efforts	 on.	 One	 major	 performance	 attribute	 of	 the	
electric	 motors	 provided	 by	 C001,	 which	 customers	 consider	 when	 selecting	 products	 to	
purchase,	 is	 the	 product	 efficiency.	 The	 fact	 that	 higher	 efficiency	 rates	 are	 looked	 upon	more	
positively	works	in	C001’s	favour.	Within	their	buyer’s	industries,	offering	more	efficient	motors	is	
a	 way	 of	 introducing	 more	 environmentally-friendly	 products	 due	 to	 the	 reduced	 use-phase	
impacts.	In	this	case,	improving	the	environmental	performance	of	the	motor	is	intrinsically	linked	





more	 cost-effective	 for	 the	 end	 user;	 however,	 their	 direct	 customers	 are	 not	 always	 the	 end	
users.	Increasing	the	efficiency	of	the	motor	usually	increases	the	cost	of	the	motor	and	its	price,	
when	 the	 direct	 customer	 is	 the	 end	 user	 the	 benefits	 of	 the	 reduced	 in-use	 costs	 offset	 this	
increase	 in	 price.	When	 the	 opposite	 is	 true	 and	 the	 direct	 customer	 is	 not	 the	 end	 user,	 the	
situation	becomes	a	bit	more	complex.	In	this	case	the	direct	customer	will	be	incurring	additional	
costs	but	not	gaining	any	 in-use	benefits.	This	means	that	unless	 the	end	users	start	 requesting	
better	efficiency	these	direct	customers	will	favour	the	cheaper	and	less	efficient	motors.		










	 	 	 	 	













their	 major	 competitors	 that	 are	 actively	 pursuing	 and	 focusing	 on	 integrating	 environmental	
considerations	 into	 the	 design	 and	 development	 of	 their	 electric	 motor,	 making	 time	 of	 the	
essence.	Focusing	on	improving	motor	efficiency	provides	a	starting	point	for	C001	as	they	work	
toward	producing	environmentally-competitive	product,	however	this	is	the	obvious	place	to	start	
and	 there	 is	 no	 doubt	 that	 this	 is	 where	 their	 competitors	 are	 starting	 too.	 To	 truly	 have	
competitive	 impact	 it	 is	essential	 that	they	 improve,	not	only	other	attributes	of	 their	products,	
but	also	the	processes	by	which	they	produce	their	products.		
New	Product	Development	
Central	 to	C001’s	business	 activity	 is	 their	 product	development;	 throughout	 their	 history,	 they	
have	 cultivated	 their	 specialist	 knowledge	 through	product	development,	 so	much	 so	 that	 they	
see	 it	 not	 only	 as	 a	 core	 capability	 but	 also	 as	 their	 main	 source	 of	 competitive	 advantage,	
alongside	 the	 design	 customisation	 service	 that	 they	 offer	 to	 go	 with	 their	 products.	 C001	




practice	 new	 product	 innovation	 where	 they	 aim	 to	 develop	 and	 introduce	 to	 the	 market	
products	that	are	new	and	through	incremental	innovation,	where	small	improvements	are	made,	




themselves	 on	 the	 after-sales	 service	 that	 they	 offer,	 which	 includes	 installation	 and	
maintenance.	The	product	development	cycle	 for	a	 typical	C001	motor	 takes	approximately	2-3	
years,	with	 incremental	 improvements	on	 the	basic	 technology	over	5-10	 years	 resulting	 in	 the	
development	 of	 a	 product	 series.	 Throughout	 the	 lifetime	 of	 the	 products,	 software	 and	


































C001’s	 operations	 are	 centred	mainly	 on	 four	 departments:	 Research	 and	Development	 (R&D),	
Supply	Chain	Management	(SCM),	Drive	Services	Centre	(DSC)	and	Sales.	The	R&D	department	is	
mainly	 concerned	with	 the	 development	 the	 products,	 the	 SCM	department	 is	 concerned	with	
production	 and	 distribution	 of	 the	 products,	 the	 DSC	 offers	 after-sale	 services	 and	 the	 sales	
department	handles	sales.	Figure	39	is	a	partial	representation	of	C001’s	organisational	structure;	




five	 R&D	 groups.	 Creating	 teams	 with	 members	 from	 these	 engineering	 disciplines	 and	
departments,	which	are	currently	strictly	separated	as	a	result	of	the	organisation	structure,	is	a	
challenge	 for	 the	 Inverter	and	Motor	Business	Unit.	The	difficulty	 lies	 in	 the	specialist	nature	of	
the	disciplines;	 it	makes	communication	between	 them	difficult.	Problems	manifest	at	 interface	
point,	especially	with	mechanical	and	electrical	hardware.	Another	challenge	faced	by	C001’s	R&D	
department	 is	 the	 direct	 result	 the	 company’s	 acquisition	 by	 X001.	 Since	 the	 acquisition,	 they	
have	 found	 coordinating	 geographically	 distributed	 teams	 with	 different	 cultures	 a	 struggle.	


















































































R&D	 department	 during	 the	 product	 development	 process	 through	 the	 strategic	 purchasing	
group;	 it	 is	 the	 responsibility	 of	 the	 strategic	 purchasing	 group	 to	 source	 suppliers	 as	 they	
outsource	 mechanical	 parts	 to	 contract	 manufacturers	 and	 purchase	 electronic	 parts	 from	
component	 suppliers.	 C001	 has	 a	 decentralised	 strategic	 purchasing	 department;	 requirements	
concerning	supply	issues	are	introduced	into	the	development	process	(see	Figure	38)	during	the	
requirements	analysis	stage	of	the	feasibility	phase.	R&D	specifies	the	parts	and	components	that	






have	 to	 test	 the	 component	 to	ensure	 that	 it	 functioned	appropriately.	However,	 there	 is	 a	bit	
	 86	
more	 flexibility	 with	 mechanical	 components	 as	 the	 purchasing	 department	 are	 given	 the	












department	 is	 constantly	 engaging	 in	 negotiations	 and	 discussions	 with	 the	 external	 supply	




C001’s	 products	 are	 comprised	 of	 electrical	 and	 mechanical	 components	 and	 these	 two	






electrical	 component	 suppliers,	 switching	 to	 a	 different	 supplier	 is	 cumbersome	 as	 the	 entire	
process	can	take	months,	as	alternative	components	require	testing	and	therefore	this	is	seldom	
done.	For	 these	 they	practice	multi-sourcing	and	aim	to	have	at	 least	 two	suppliers	 for	a	 single	
component.		
Mechanical	products	offer	more	flexibility,	both	in	terms	of	what	R&D	specifies	and	the	number	
of	 suppliers	 to	 select	 from.	 For	 these	 components,	 R&D	 supplies	 component	 drawings	 and	 the	














Large	 number	 of	 suppliers	 capable	 of	 fulfilling	
requirements.	 Flexibility	 to	 select	 suppliers	 that	 offer	




suppliers.	 To	 ensure	 long-term	 supply	 of	 components,	
good	working	relationships	are	cultivated.	
BOTTLENECK	 Electrolytic	Capacitors	




Low	 value	 and	 highly	 abundant	 components.	 Contract	
in	 place	 with	 shop	 owner	 where	 shop	 owner	
replenishes	supplies	at	regular	intervals.	
		
Usually	during	 the	sourcing	process,	C001	considers	 suppliers	who	are	capable	of	meeting	 their	
requirement,	 the	 nature	 of	 any	 existent	 working	 relationships	 and	 evaluates	 the	 possible	
alternative	 suppliers	 and	 the	 economics	 associated	 with	 each	 different	 supply	 scenario.	 What	
they	find	is	that	the	best	prices	are	those	they	get	from	suppliers	that	they	already	have	working	






“You	 get	 better	 prices	 if	 you	 have	 the	 contact	 with	 a	 supplier	 who	 is	 already	
delivering	 components.	 If	 we	 look	 for	 a	 new	 supplier	 each	 time	 we	 need	 a	 new	





























results	 in	 suppliers	 offering	 alternative	 products	 to	 use;	 the	 suppliers	 even	 take	 on	 the	 role	 of	
gathering	 information	 regarding	 the	 proposed	 components.	 Additionally,	 C001	 also	 uses	 the	
relationships	 it	 has	 with	 distributers	 to	 get	 the	 best	 possible	 prices	 for	 components	 and	 then	
supplies	 those	 components	 to	 its	 other	 suppliers	 so	 they	 can	 be	 used	 in	 products	 that	will	 be	
supplied	 to	 them.	 This	 is	 exemplified	 in	 the	 scenario	 illustrated	 in	 Figure	 41	 where	 C001	 has	
negotiated	for	the	best	component	and	PCB	prices	with	the	electronic	component	distributor	and	
PCB	supplier,	these	components	are	not	used	by	C001	as	they	are	but	instead	are	supplied	to	the	











air-freight	when	 it	 is	not	necessary.	When	evaluating	 suppliers,	C001	do	not	openly	 share	what	
they	 are	 doing	 with	 potential	 suppliers	 to	 induce	 price	 competitive	 bidding.	 Because	 of	 the	
specialised	nature	of	the	industry,	the	suppliers	communicate	amongst	themselves	and	know	any	




to	manage	 the	 information	 that	 they	 have	within	 the	 company.	However,	 to	 keep	 up	with	 the	
shifting	 global	 landscape	 and	 ever	 changing	 technology,	 they	 are	 finding	 that	 it	 is	 becoming	
increasingly	 evident	 that	 they	 need	 to	 communicate	 internally	 with	 relational	 databases	 and	
perhaps	externally	too.	While	they	have	access	to	X001’s	web-based	 information-sharing	portal,	
C001	 prefer	 to	 exchange	 information	 with	 the	 external	 supply	 chain	 through	 data	 sheets	 and	
discussions	 as	 they	 find	 the	 portal	 too	 cumbersome	 and	 complicated.	 Some	members	 of	 their	
base	 have	 asked	 that	 they	 share	 information	 through	 the	 use	 of	 a	 web-portal	 and	 this	 is	
something	 that	 C001	 is	 investigating.	 They	 have	 concerns	 regarding	 how	 the	 information	 that	
they	share	will	be	used	and	have	consulted	their	Internet	security	company	to	see	if	they	can	keep	
track	of	how	their	data	 is	handled.	C001	has	non-disclosure	agreements	 in	place	with	 its	supply	





is	 an	example	of	when	certain	 suppliers	provide	 them	with	 specific	 information	 that	 is	perhaps	







will	 lose	 C001’s	 custom.	 On	 the	 technical	 front,	 while	 electrical	 components	 are	 supplied	with	
technical	datasheets,	these	tend	to	be	basic.	To	combat	this	lack	of	information,	as	knowing	the	
exact	 performance	 of	 electronic	 components	 is	 paramount,	 the	 R&D	 department	 tests	 the	
components	to	generate	more	data.	The	mechanical	components	are	different	as	they	tend	to	be	
made	 to	 fit	 specifications	 supplied	 by	 the	 R&D	 department,	 this	 means	 that	 they	 have	 more	
information	pertaining	to	them.	
Information-sharing	 behaviours,	 surrounding	 the	 environmental	 sustainability	 trend	 that	 is	
emerging	within	 the	 industry	 that	C001	 is	 in,	 can	be	split	 into	 two.	On	one	hand,	 there	are	 the	
large	 enterprises	 that	 openly	 publish	 information	 regarding	 the	 environmental	 performance	 of	




comfortable	with	 disclosing	 all	 this	 information.	 On	 the	 other	 hand,	 there	 are	 SME’s	 like	 C001	
whose	information	sharing	is	hampered	by	competitiveness.	Unlike	the	large	enterprises,	not	only	
are	 these	 companies	 reluctant	 to	 disclose	 too	 much	 information	 regarding	 the	 environmental	
performance	of	their	products,	they	are	also	uncomfortable	with	having	their	products	compared	
to	others.	In	the	case	of	C001,	they	are	not	in	favour	of	selection	databases	that	are	employed	by	
the	 bigger	 companies.	 Instead	 they	 prefer	 to	 withhold	 important	 information	 regarding	 their	
products	so	that	potential	customers	contact	them	to	discuss	the	merits	of	the	products.	They	are	





C001’s	 biggest	 concern	 with	 sharing	 information	 through	 emerging	 information	 sharing	
technologies	such	as	databases	is	that	the	users	of	the	information	will	use	it	to	unjustly	compare	
them	against	 their	 competitors,	especially	 if	 they	 focus	mainly	on	price	comparisons.	There	 is	a	
belief	 that	 it	 is	 hard	 to	 encapsulate	 in	writing	what	makes	 their	 products	 special	 and	 that	 only	
through	talking	to	them	directly	can	potential	customers	get	a	true	sense	of	the	products	and	the	
services	 that	 they	 provide.	 For	 C001,	 sharing	 information	 through	 databases	 poses	 particular	
challenges	when	 it	 concerns	 the	 custom	 products	 that	 they	 produce.	With	 such	 a	wide	mix	 of	
products,	inputting	data	on	custom	products	can	be	time	consuming	making	it	difficult	to	have	a	
standard	database	that	contains	product	information.		
At	 the	 moment,	 C001	 are	 only	 comfortable	 with	 sharing	 typical	 technical	 data	 as	 they	 have	
traditionally	 done.	 As	 they	 look	 to	 a	 future	 where	 they	 will	 be	 assessing	 the	 environmental	
performance	of	their	products,	they	admit	that	they	are	not	comfortable	with	the	idea	of	having	
to	 share	 environmental	 performance	 information.	 They	 can	 envisage	 themselves	 sharing	 the	
outputs	of	the	environmental	assessments	to	highlight	how	their	products	perform	but	not	having	
an	open	detailed	database	that	contains	all	the	information	that	was	input	into	the	environmental	
assessments.	This	 is	mainly	due	 to	 the	 fact	 that	 they	have	concerns	as	 to	how	that	 information	




rest	 are	 distributors;	 producers	 mainly	 supply	 mechanical	 components	 and	 distributers	 the	






sheet	 that	 is	 supplied	 with	 the	 components.	 In	 cases	 where	 they	 have	 supplied	 component	
manufacturers	with	parts	 to	use,	C001	have	 information	that	extends	to	the	second	tier.	Lastly,	
due	to	safety	standards	surrounding	printed	circuited	boards	 (without	components),	 the	boards	






up	 is	 very	 much	 dependent	 on	 the	 type	 of	 product	 in	 question.	Where	 they	 have	 designed	 a	
custom	product	they	have	 intimate	knowledge	of	who	the	end	user	 is.	This	changes	for	the	 ‘off	
the	 shelf’	 offering	 as	 they	distribute	 and	 sell	 these	 through	X001’s	 channels	 all	 over	 the	 globe;	
they	have	none,	to	very	limited,	information	regarding	the	end	users.		
C001	 do	 not	 have	 a	 lot	 of	 awareness	 of	 their	 supply	 base	 and	 while	 they	 acknowledge	 that	






retaining	 current	 markets,	 defeating	 barriers	 to	 entry	 of	 currently	 inaccessible	 markets	 and	
capturing	 emerging	 markets.	 At	 the	 moment,	 the	 company	 does	 not	 engage	 in	 any	 specific	
environmental	initiatives.	In	addition	to	practicing	ENPD,	C001	are	also	keen	to	follow	some	other	
companies	 within	 their	 industry	 in	 implementing	 and	 EMAS	 under	 ISO14001.	 This	 trend	 in	
adopting	EMAS	within	industry	means	that	C001	have	been	getting	requests	from	their	suppliers	
to	provide	environmental	reports	or	material	and	energy	certification	information	relating	to	their	
products.	By	 adopting	 their	 own	 system,	C001	will	 be	 in	 a	position	 to	easily	 comply	with	 these	
requests.		
C001’s	marketing	department	 is	responsible	for	all	customer-based	market	research	where	they	
benchmark	 the	 company’s	 products	 against	 the	 competition;	 the	 results	 direct	 R&D	 efforts	 as	
new	products	are	developed.	Two	forms	of	supply	chain-based	market	research	are	undertaken	
within	 C001.	 The	 first,	 technology	 market	 research,	 is	 undertaken	 by	 the	 R&D	 department	 to	
















on	 supplier	 capability,	 cost	 and	 logistics.	 These	 two	 forms	 of	 market	 research,	 which	 are	
essentially	 undertaken	on	 the	 same	 supply	 base,	 are	 conducted	 separately	within	 C001.	 This	 is	
mainly	 due	 to	 the	 company’s	 highly	 segmented	 organisational	 structure	 where	 forming	 cross-
functional	teams	is	a	challenge.	There	is	an	opportunity	to	amalgamate	the	two	forms	of	supply-
based	market	research.	At	the	moment,	the	R&D	department	specifies	the	parts	and	components	
that	 they	 require	 and	 hand	 over	 relevant	 drawings	 and	 specifications	 to	 the	 purchasing	
department	whose	prerogative	is	to	get	the	products	at	the	best	price	and	logistics	scenario.	The	
supply	chain	department	would	like	to	have	a	more	balanced	relationship	with	R&D	where	there	
is	 more	 effort	 exerted	 to	 ensure	 that	 the	 interests	 of	 both	 departments	 are	 taken	 into	
consideration	 during	 the	 product	 development	 process.	 This	 can	 be	 achieved	 by	 ensuring	 that	
purchasing	 is	 involved	early	 in	 the	product	development	process,	before	 the	components	 to	be	
used	are	determined	by	R&D.		
C001	practices	a	mixture	of	 sole	and	multi-sourcing	depending	on	 the	 risk	of	 supply	and	where	
they	 have	 working	 relationships	 with	 suppliers	 they	 find	 that	 they	 can	 yield	 cost	 savings	 and	
expert	advice	regarding	components.	 In	addition,	there	are	occasions	where	C001	outsources	to	
its	 suppliers	 the	 role	 of	 gathering	 information	 regarding	 proposed	 alternative	 components.	
Coupled	with	 the	 fact	 that	 EMASs	 are	 gaining	popularity	within	 industry,	 and	organisations	 are	
getting	more	used	to	environmental	information	requests,	this	means	that	there	is	an	opportunity	
here	 for	 C001	 to	 ask	 their	 suppliers	 to	 provide	 environmental	 information	 that	 pertains	 to	 any	
products	 they	 propose	 to	 supply.	 This	 request	 for	 information	 can	 feed	 not	 only	 into	 C001’s	
product	development	process	but	also	into	their	EMAS.		
At	the	moment,	C001	are	able	to	get	priced	bills	of	materials	regarding	PCBs	that	are	usually	not	




performance	of	 the	parts	 that	 they	use	 then	 they	could	 treat	 it	 in	 the	same	manner	where	 the	
information	 is	viewed	as	being	part	of	 the	product	 that	 is	being	supplied,	where	custom	will	be	




their	 suppliers	 to	 share	 information	beyond	data	 sheets	as	 they	 lack	 leverage	 to	 convince	 their	
suppliers	to	share	extra	information	with	them.	One	of	the	ways	that	they	are	able	to	ensure	that	
they	have	all	 the	 technical	 information	 that	 they	 require	 is	 to	 test	products	 themselves.	 This	 is	
something	 that	 they	 can	 also	do	 to	determine	 the	 environmental	 performance	of	 the	products	
that	 they	 purchase	 if	 they	 find	 their	 suppliers	 unwilling	 to	 provide	 it.	 It	might	 seem	 ironic	 that	
C001	would	 like	 their	 suppliers	 to	 share	 information	more	 freely	 so	 that	 they	 can	 input	 it	 into	
their	 product	 development	 process,	 but	 they	 themselves	 are	 reticent	 to	 share	 any	 of	 their	
environmental	 information	with	anyone	else.	While	 they	 see	 themselves	 sharing	environmental	
assessment	outputs	 information	 if	 the	results	showed	that	 their	products	were	environmentally	






allow	 their	 suppliers	 to	 input	 that	 information	 into	 their	 own	 environmental	 assessments,	
provided	that	they	information	provided	was	accurate.		
While	currently	content	with	using	simple	software	programs,	if	they	are	to	implement	an	EMAS	
and	 ensure	 that	 there	 is	 an	 accurate	 flow	 of	 environmental	 information	 into	 their	 product	
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development	process	from	the	supply	chain,	C001	has	to	improve	the	information	systems	that	it	
uses.	 It	 needs	 to	 look	 to	 enterprise	 management	 systems	 that	 consolidate	 various	 forms	 of	
organisational	 information	 sharing	 and	 management.	 They	 are	 also	 getting	 requests	 to	 share	
more	information	electronically,	something	that	they	are	concerned	about	due	to	the	security	of	
using	IT	for	information	sharing.	While	their	concerns	are	not	unfounded	and	information	security	
is	a	 legitimate	concern,	 it	 is	one	that	can	be	mitigated	through	various	technological	encryption	
measures.	Using	 IT	 for	 information	sharing	 is	a	practice	 that	 is	mature	 in	a	number	of	different	
industries	 and	 is	 as	 much	 about	 the	 software	 as	 it	 is	 about	 managing	 the	 organisational	
implications	on	a	human	level.	This	means	that	in	addition	to	adopting	secure	information	sharing	
IT	 systems,	education	within	 the	organisation	 can	 facilitate	an	understanding	of	 the	practice	 so	
that	they	are	not	averse	to	it.	
C001	do	not	have	much	visibility	of	their	supply	chain	beyond	the	first	two	tiers	for	most	of	their	
products.	 The	 PBC	 supply	 chain	 is	 an	 exception	 as	 they	 are	 fully	 visible	 due	 to	 legislation.	 This	
shows	 that	 legislation	 can	 be	 a	 driver	 for	 supply	 chain	 information	 sharing	 and	 if	 in	 the	 future	
there	is	environmental	 legislation	that	the	organisations	have	to	comply	with,	then	supply	chain	
information	 sharing	will	 vastly	 improve.	 This	will	 also	 lead	 to	 greater	 supply	 chain	 visibility	 and	
allow	companies	to	manage	supply-based	risk	more	efficiently.	In	the	meantime,	as	C001’s	shares	







market.	 However	 there	 is	 a	 lack	 of	 understanding	 of	 the	 potential	 that	 lies	within	 eco-friendly	
products	outside	of	the	R&D	department.	This	means	that	the	R&D	department	is	in	a	position	to	




each	 of	 these	 groups	 are	 present	 at	 all	 kick	 off	 meetings.	 During	 product	 development	 cross-
functional	 teams	 work	 closely	 together.	 As	 a	 result,	 members	 of	 R&D	 and	 other	 functional	
departments	 have	 cross-functional	 knowledge	 and	 enough	 awareness	 of	 issues	 that	 relate	 to	
more	 than	 just	 the	 group	 that	 they	 belong	 in.	 This	 culture	 of	 organic	 organisational	 learning	
should	allow	the	R&D	to	spread	environmental	awareness	across	the	whole	of	the	company.	
C002’s	 industrialisation	 team	which	 is	 in	 responsible	 for	 sourcing	 and	 supply	 chain	 design	 gets	
involved	early	on	in	the	product	development	process.	Whenever	necessary,	they	are	responsible	
for	 co-ordinating	 collaboration	 efforts	 with	 suppliers.	 The	 impending	 legislation	 that	 requires	
display	the	energy	consumption	of	their	products	at	the	point	of	sale	has	resulted	in	C002	working	
even	more	closely	with	 its	suppliers.	Unlike	 in	the	past,	C002	now	gives	 light	and	electric	motor	
suppliers	power	and	energy	consumption	targets	that	the	products	they	supply	should	meet.	This	
is	 not	 something	 that	 they	 did	 in	 the	 past	 as	 it	 was	 not	 necessary,	 however	 it	 now	 is	 due	 to	
legislation	 and	 suppliers	 are	 working	 to	 comply	 with	 these	 needs.	 This	 shows	 that	 there	 is	
potential	 for	C002	 to	 request	 that	 their	 supplier	 provide	 them	with	products	 that	meet	 certain	
environmental	performance	 targets,	 if	 C002	are	dedicated	 to	 implementing	ENPD.	C002	have	a	
history	of	paying	more	to	ensure	that	they	get	the	best	quality	possible,	such	a	practice	could	be	
extended	 to	 environmental	 consideration	 if	 they	 pay	 more	 to	 get	 products	 that	 have	 higher	
environmental	performance.		
C002	 practices	 both	 sole	 and	 multi-sourcing;	 they	 prefer	 sole	 sourcing	 as	 it	 allows	 them	 to	
cultivate	strong	ties	with	their	suppliers.	Where	they	practice	multi-sourcing,	 it	 is	mainly	due	to	
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individual	 suppliers	not	having	enough	capacity	 to	miss	 their	demand.	By	mainly	 favouring	 sole	
sourcing,	C002	are	exposing	themselves	to	supply	risk.	 If	 there	were	to	be	a	problem	with	their	




do	 their	 own	 tests	 to	 determine	 a	 range	of	 technical	 aspects	 relating	 to	 the	products.	 There	 is	
there	possibility	of	utilising	 the	 same	 tactic	 to	acquire	 information	 related	 to	 the	products	 they	
buy	 in	to	use	 in	environmental	assessments.	 It	 the	moment	C002	do	not	know	if	 their	suppliers	
have	information	relating	to	the	environmental	performance	of	the	products	that	they	supply	and	
if	 they	 would	 be	 willing	 to	 share	 it.	 C002	 plan	 to	 supplement	 the	 information	 they	 get	 from	
suppliers	and	 in-house	testing	with	 information	that	 is	available	 in	environmental	and	materials	
databases.	Their	priority	will	be	to	ensure	that	they	have	the	most	accurate	information	regarding	
the	components	that	are	the	most	critical	in	terms	of	environmental	aspects.	
C002’s	 industrialisation	team	are	able	 to	gather	a	wealth	of	 information	and	share	 it	within	 the	
organisation	 through	 the	use	of	enterprise	 software.	This	 is	 information	 that	 is	 captured	during	
various	product	development	projects	through	phone	calls,	visits,	data	sheets,	reports	etc.	There	
are	 a	 series	 of	 databases	 that	 contain	 information	 that	 designers	 can	 access	 from	 their	
workstations.	 This	means	 that	 these	 databases	 can	 be	 used	 to	 ensure	 that	 information	 that	 is	
coming	 from	the	supply	chain	 is	available	 to	 the	designers	as	 they	design	products.	This	means	
that	designers	can	make	environmental	decisions	using	information	that	comes	in	from	the	supply	
chain.	 Information	 for	 ENPD	 can	 be	 enriched	 if	 C002	 adopts	 an	 EMAS,	 resulting	 in	 more	
information	regarding	suppliers’	environmental	issues	being	available	to	designers.		
Even	 though	 C002	 does	 not	 map	 its	 supply	 chain	 and	 has	 no	 visibility	 beyond	 tier	 1	 and	 2	
suppliers,	 it	 can	 use	 its	 enterprise	 system	 and	 the	 information	 within	 it	 to	 build	 supply	 chain	
maps.	As	 they	practice	 ENPD,	C002	will	 need	 to	 ask	 their	 suppliers	 for	 information	 that	 can	be	
used	to	map	their	supply	networks	beyond	the	first	tier.		
Case	3:	Procurement	in	ENPD	Organisation	Conclusions	
C003	 is	 a	 company	 that	 is	 driven	 by	 customer	 needs	 and	 emerging	 trends;	 they	 are	 finding	
through	 their	 market	 research	 that	 some	 customers	 are	 demanding	 cars	 with	 improved	
environmental	performance.	This	supplements	C003’s	internal	drivers	for	environmental	product	
development.	 Internally,	 environmental	 drivers	 trickle	 down	 from	 the	 very	 top	 of	 the	 business	
and	are	embedded	in	practices	that	the	employees	have	to	adopt.		





with	 their	 suppliers	 to	 improve	cost,	quality	and	potential	 to	deliver,	 it	 is	not	out	of	 scope	 that	
they	would	also	work	with	their	suppliers	to	improve	environmental	performance	where	possible.		




track.	 This	 also	 likely	 adds	 complexities	 to	 ENPD	 as	 an	 increase	 in	 suppliers	 means	 more	
information	 is	 needed	 from	 more	 sources.	 C003	 is	 looking	 to	 address	 some	 of	 the	 issues	
associated	with	managing	supply	chain	relationships	through	the	use	of	a	web-based	system	that	
helps	the	automotive	industry	better	understand	where	key	sustainability	risks	lie	in	their	supply	
chains.	 As	 many	 of	 the	 companies	 within	 the	 industry	 share	 customers	 and	 suppliers,	 by	
consolidating	the	 information	sharing,	what	may	be	difficult	to	do	for	an	 individual	organisation	
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becomes	easier	 to	 achieve	 collectively	 as	 an	 industry.	However,	 this	 is	more	 than	a	 technology	




rooted	 in	 the	 knowledge	 and	 understanding	 it	 has	 of	 itself	 as	 an	 organisation.	 It	 offers	 its	
customers	 a	 range	 of	 both	 conventional	 and	 eco-motor	 vehicles	 that	 are	 globally	 competitive.	
Supply	 chain	 considerations	 come	 into	 C004’s	 development	 process	 early,	 even	 though	
finalisations	 are	 not	 made	 until	 the	 second	 phase	 of	 development,	 during	 the	 first	 stage	
manufacturing	and	engineering	jointly	decide	on	trade-offs.	In	the	second	phase,	the	supply	chain	
is	then	designed.	Within	this	phase,	supply	chain	design	has	a	great	impact	on	the	product	design	




internal	 engineering,	 the	 procurement	 department	 is	 also	 responsible	 for	 supply	 chain	
relationships	for	both	procurement	and	supplier	collaboration	in	new	product	development.		
As	a	large	company,	C004	practices	are	spread	through	a	top	down	approach	internally	and	with	
its	 supply	 chain	 and	 those	 associated	 with	 their	 business.	 C004	 promotes	 cross-functional	
teamwork	 to	 ensure	 that	 all	 internal	 and	 external	 parties	 are	 collaborating	 to	 continuously	
improve	 both	 processes	 and	 operations;	 this	 feeds	 into	 a	 strong	 company	 culture	 of	
improvement.	This	culture	of	 improvement	extends	outside	of	 the	company	as	C004	expects	 its	
suppliers	to	share	their	innovations	with	others	that	supply	similar	products.	Through	this	all	the	
suppliers	 benefit	 from	 innovations	 and	 ideas	 generated	 across	 the	 supply	 network.	 C004	




open	 would	 leave	 you	 exposed	 to	 various	 kinds	 of	 business	 risks,	 C004’s	 way	 of	 doing	 things	






out	 to	 be	 erroneous.	 This	 incident	 highlights	 why	 it	 is	 important	 for	 organisations	 to	 have	
adequate	 visibility	 of	 their	 supply	 chain.	 This	 is	 a	 practice	 that	 is	 not	 only	 essential	 for	 the	
management	of	business	 risk	but	also	one	 that	 is	 key	 to	ENPD.	This	 is	not	an	 issue	 that	affects	
C004	 alone	 and	 they	 are	 working	 collaboratively	 with	 others	 within	 the	 industry	 to	 develop	
technology	that	enhances	the	industry’s	understanding	of	complex	supply	networks.	
Case	5:	Procurement	in	ENPD	Organisation	Conclusions	
C005	 has	 a	 culture	 that	 has	 environmental	 sustainability	 embedded	 deep	 in	 everything	 that	 it	
does;	 this	 extends	 from	 all	 its	 internal	 functions	 to	 its	 supply	 chain	 members.	 For	 C005,	
integrating	 environmental	 incentives	 into	 corporate	 management	 can	 lead	 to	 business	
performance,	business	expansion,	and	further	credibility	with	outside	parties.	It	not	only	aims	to	
have	 all	 80	 of	 its	 production	bases	 adopt	 EMSs	 but	 also	 to	 have	 its	 suppliers	 do	 the	 same	 and	
encourage	 their	 suppliers	 to	 do	 the	 same	 as	 well.	 In	 C005’s	 view,	 the	 future	 will	 centre	 on	
environmental	issues	and	it	aims	to	be	a	leader	in	society	through	the	development	of	products,	
technologies,	 and	 business	 opportunities	 that	 contribute	 to	 sustaining	 and	 improving	 the	
environment.		
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During	 product	 development,	 C005	 considers	 product	 environmental	 performance	 on	 par	 with	
other	 basic	 development	 factors.	 This	 means	 that	 it	 is	 not	 seen	 as	 an	 afterthought	 but	 is	 an	
integral	 part	 all	 the	 products	 that	 they	 develop.	 It	 is	 important	 that	 products	 only	 make	 it	 to	
market	 if	 they	 have	 better	 environmental	 performance	 compared	 to	 their	 predecessor.	 This	
environmental	focus	extends	to	their	procurement	activity	where	they	aim	to	procure	parts	and	
materials	 to	 use	 in	 their	 products	 that	 have	 as	 little	 environmental	 impact	 as	 possible.	 The	
procurement	 function	 practices	 green	 procurement,	 the	 environment	 is	 considered	 a	 factor	 on	
par	 with	 other	 traditional	 procurement	 factors	 such	 as	 cost,	 quality	 and	 delivery.	 The	
procurement	 function	also	supports	 the	product	development	process	by	encouraging	suppliers	
to	practice	their	own	ENPD.	They	try	to	purchase	eco-friendly	products	wherever	possible.	When	
coupled	with	 their	 emphasis	 that	 their	 suppliers	 adopt	 EMSs,	 this	 behaviour	means	 that	 ENPD	
flows	backwards	through	C005’s	supply	chains	helping	to	turn	the	whole	chain	green.		
C005	does	not	leave	all	of	this	to	chance;	it	has	a	number	of	internal	and	external	guidelines	that	
are	 support	 various	 environmental	 initiatives.	 Additionally	 it	 is	 proactive	 and	 hands	 on	 when	
managing	 its	 suppliers	 and	 encourages	 open	 communication.	 It	 even	 takes	 extra	 measures	 to	
ensure	 the	 reliability	 of	 data	 coming	 in	 from	 the	 supply	 chain	 and	 improve	 its	mechanisms	 for	
environmental	 management	 by	 having	 data	 verified	 by	 a	 third	 party	 and	 extending	 its	
management	 to	 sub-tier	 suppliers	 within	 its	 supply	 chain.	 C005	 takes	 a	 very	 comprehensive	
approach	to	managing	it	environmental	initiatives.		
Case	6:	Compliance	in	ENPD	Organisation	Conclusions	
With	 its	 products	 having	 the	 most	 environmental	 impacts	 in	 the	 use	 phase,	 and	 with	
environmental	 requirements	 addressing	 fuel	 consumption,	 emissions	 and	 noise	 an	 integral	
component	 of	 product	 specifications,	many	 of	 C006’s	 products	 are	market	 leaders	 in	 terms	 of	
environmental	performance.	While	they	focus	mainly	on	‘in-use’	environmental	improvements	as	
those	 have	 the	 biggest	 impacts,	 if	 other	 phase	 improvements	 are	 proven	 to	 transform	 into	 a	
business	 benefit,	 either	 through	 customer	 value	 or	 by	 reducing	 operation	 costs,	 then	C006	 are	
open	to	exploring	 them.	C006’s	strategy	 is	 to	 focus	on	those	 improvements	 that	have	the	most	
impact	on	the	environment.		
As	a	system	integrator	with	very	large	product,	C006	has	a	very	complex	and	large	global	supply	
chain.	 C006	 manages	 it	 supply	 chain	 through	 frameworks	 and	 information	 technology	 and	
encourages	 its	 suppliers	 to	 adopt	 initiatives,	 such	 as	 EMS,	 that	 will	 improve	 them.	 Within	






the	 regulation	 actually	 entailed.	Much	 like	 with	 ENPD,	 the	 key	 to	 the	 Registration,	 Evaluation,	





strategically	 targeting	 those	 supply	 chain	members	 that	were	most	 critical	 and	bypassing	 those	
that	were	not.	While	C006	took	an	 incremental	approach	to	tackling	the	 issue,	 it	did	not	aim	to	
inform	everyone	within	 the	organisation	about	 it.	Only	 those	 that	were	directly	 responsible	 for	
gathering	 information,	 like	 the	 purchasing	 and	 materials,	 are	 involved	 with	 REACH	 matters.	
Designers	 for	 example	 who	 work	 with	 some	 of	 the	 substances	 affected	 have	 no	 working	
knowledge	 of	 risk,	 what	 they	 are	 presented	 with	 is	 a	 list	 of	 substances	 that	 they	 can	 use	 in	
product	 development	 that	 has	 already	 been	 deemed	 REACH	 compliant.	 Due	 to	 the	 size	 of	 the	
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organisation,	and	with	legislative	agenda	continually	changing,	C006	made	a	strategic	decision	to	
focus	 on	 managing	 the	 situation	 rather	 than	 ensuring	 widespread	 understanding	 among	 the	
employees.		
For	 C006,	 REACH	 is	 an	 issue	 that	 can	 be	 tackled	 by	 developing	 relationships	 with	 suppliers,	
suppliers	 that	 the	 whole	 industry	 shares.	 As	 a	 result	 it	 supports	 the	 development	 of	 REACH	
standardisation	for	the	aerospace	industry.			
Cross-Case	Report	
Across	 all	 the	 cases,	 in	 varying	 degrees,	 there	 is	 evidence	 that	 environmental	 performance	 is	
emerging	 as	 a	 new	 source	 of	 competitive	 advantage.	 The	 case	 companies	 find	 themselves	 in	
positions	where	retaining	current	markets	and	capturing	emerging	markets	can	be	linked	to	their	
ability	 to	 effectively	 create	 environmentally-competitive	 products.	 For	 the	 companies	 that	
practice	ENPD	(C003-C006),	environmental	incentives	are	integrated	into	corporate	management	
and	 form	a	key	 component	of	 their	 strategy.	 These	 companies	highlight	how	 the	production	of	









Across	 the	 case	 companies,	 there	 are	 varying	 degrees	 of	 early	 supply	 chain	 integration	 in	 the	







a	highly	active	 role	 in	product	development	and	works	 closely	with	both	 internal	 functions	and	
the	external	supply	chain.		
All	 the	case	companies	have	multi-disciplinary	product	development	teams;	however,	 the	key	 is	
to	 have	 these	 teams	 extend	 beyond	 design,	 engineering	 and	 R&D	 and	 include	 other	
organisational	 functions	 and	 in	 this	 case,	 the	 supply	 chain	 department.	With	 the	 exception	 of	
C001,	 a	 prospective	 ENPD	organisation,	 all	 the	other	 cases	have	 these	multi-functional	 product	
development	 teams.	As	C001	has	 the	 least	 amount	of	 supply	 chain	 involvement	 in	 the	product	
development	process	it	was	decided	that	it	would	be	examined	further	and	have	learnings	from	






their	 own	 research	 of	 the	 suppliers	 as	 it	 aims	 to	 procure	 those	 components	 for	 the	 best	 cost,	
quality	 and	 delivery	 scenarios;	 they	 have	 very	 little	 room	 to	 influence	 supplier	 selection.	
Occasionally,	some	suppliers	recommend	alternative	components	to	the	ones	that	are	specified.	
When	 this	 happens,	 due	 to	 the	 need	 to	 fully	 understand	 the	 technical	 performance	 of	 the	
component,	procurement	cannot	just	accept	the	new	components.	Instead	they	have	to	go	back	
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Fundamentally,	 there	 are	 two	 major	 problems	 related	 to	 the	 way	 that	 C001’s	 R&D	 and	
procurement	functions	work	during	product	development.	The	first	 is	 that	there	 is	a	 lot	of	back	
and	forth	between	C001	and	 its	suppliers	as	both	R&D	and	procurement	have	 interactions	with	
them	 and	 the	 second	 is	 that	 supplier	 selection,	 which	 underpins	 supply	 chain	 design,	 is	
predominantly	done	by	R&D	who	perform	the	task	solely	from	the	perspective	of	trying	to	satisfy	
technical	 needs.	 Both	 of	 these	 issues	 can	 be	 addressed	 through	 early	 and	 more	 integrated	
procurement	involvement	in	the	product	development	process.		
Early	Procurement	Involvement	in	New	Product	Development.	
When	 procurement	 is	 involved	 in	 the	 product	 development	 process,	 it	 can	 offer	 more	 to	 the	
process	than	just	managing	supplier	involvement	in	the	process.	Having	procurement	involved	on	
that	 level	 is	 beneficial.	 	 However,	 for	 C001,	 procurement	 is	 expected	 to	 procure	 pre-defined	
components	under	 intense	cost	pressures	while	not	being	 involved	in	the	development	process.	
The	cost	engineering	group	in	C003,	an	ENPD	organisation,	manages	supplier	involvement	in	NPD	









using	C001’s	 supply	 side	 interactions.	 Essentially,	 there	 are	 two	 sets	 of	 supply-side	 interactions	
that	C001	engages	in	that	occur	independent	of	each	other	as	both	R&D	and	procurement	have	
direct	 interactions	with	suppliers.	Figure	43	presents	 three	possible	 scenarios	 that	can	manifest	
within	C001	regarding	their	current	 interactions	with	 the	supply	market	during	NPD.	 In	 the	 first	
scenario,	 the	 most	 ideal	 under	 the	 conditions,	 is	 that	 the	 R&D	 department	 conducts	 its	 own	
technology-based	 supply	market	 research.	 After	 selecting	 components	 to	 be	 used	 in	 products,	
they	 specify	 the	exact	 component	 to	 the	procurement	department.	After	 conducting	 their	 own	
research	 and	 evaluating	 the	 suppliers	 who	 are	 capable	 of	 meeting	 their	 requirements	 they	
commence	 the	 procurement	 process.	 In	 the	 second	 scenario,	 procurement	 finds	 a	 suitable	
alternative	to	R&D’s	specified	product	offering	supply-related	benefits	such	as	cost	and	delivery.	
They	 present	 R&D	 with	 the	 alternative	 and	 R&D	 tests	 and	 accepts	 the	 alternative	 component	
before	procurement	procures	 it.	 In	 the	 last	 scenario,	procurement	cannot	procure	 the	specified	
product	 under	 the	 right	 conditions	 so	R&D	has	 to	 go	back	 to	 the	market	 to	 find	 an	 alternative	
component,	 procurement	 then	 has	 to	 do	 its	 own	 research	 and	 evaluation	 before	 deciding	 to	
procure	the	component.	These	are	just	a	few	of	the	scenarios	that	can	arise,	as	it	is	possible	that	




then	 they	 will	 reduce	 in	 number	 and	 occur	 over	 a	 shorter	 period	 of	 time.	 If	 procurement	 is	
involved	 in	 NPD	 early,	 it	 can	 take	 on	 the	 role	 of	 managing	 all	 supplier	 interactions.	 They	 can	
monitor	 supplier	markets	 for	 technological	 developments,	 gather	 new	 information	on	products	
that	are	being	developed,	 find	alternative	components	 that	can	result	 in	a	higher	quality	of	 the	
final	 product	 and	 pre-select	 suppliers	 who	 satisfy	 supply-related	 requirements.	 Following	 from	
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this,	as	shown	in	Figure	43,	they	would	then	present	R&D	with	the	outputs	of	this	process	before	
R&D	 selects	 the	 components	 that	 it	 deems	most	 appropriate	 to	 use,	 after	which	 procurement	
returns	 to	 the	market	 to	 procure	 the	 components.	 This	way,	 the	 procurement	 can	 do	more	 to	
support	 the	 product	 development	 process	 beyond	 just	 attaining	 the	 best	 cost	 for	 specified	
components.	 Through	 the	 cultivation	 of	 relationships	 that	 procurement	 has	 with	 the	 supply	
market,	headway	can	be	made	in	attaining	both	supply	and	design	objectives.		
	
It	 is	 important	 to	 note	 that	 these	 are	 interactions	 that	 are	 related	 to	 supplier	 selection	 only;	





that	they	do	not	do	so	at	 the	neglect	of	product	design	 issues.	 It	 is	 important	that	they	employ	
cross-functional	 teams	 that	 include	 engineers	 to	 ensure	 that	 technical	 considerations	 are	 an	






they	have	 relationships	which	offer	benefits	 that	are	wasted	and	not	being	 fully	appreciated	or	
utilised	during	NPD.	There	is	a	belief	within	the	supply	chain	department	that	they	can	do	more	to	
support	 the	 product	 development	 process	 beyond	 just	 attaining	 the	 best	 cost	 for	 specified	
components.	Additionally,	by	having	supply	play	a	bigger	role	in	the	product	development	process	
there	 can	 be	 a	 bit	more	 balance	 between	 the	 departments.	 	 The	 strong	 focus	 on	 R&D’s	 need	






















the	 flow	 of	 information	 from	 the	 supply	 chain	 into	 the	 product	 development	 process.	 This	





the	 process.	 	 Compared	 to	 other	 organisational	 functions,	 the	 decisions	 made	 by	 the	 design	
department	have	 the	greatest	 impact	on	 the	environment.	This	 is	because	 they	make	decisions	
that	impact	the	environment	through	all	the	stages	of	the	lifecycle	of	the	product;	Table	36	shows	
some	of	 the	 environmental	 impacts	 affecting	 various	 organisational	 functions.	Due	 to	 this,	 it	 is	












supply	 chain	 into	 their	 design	 process.	 Traditionally,	 designers	 only	 focused	 on	 design-related	
issues	 and	 with	 the	 rise	 of	 concurrent	 engineering	 they	 became	 competent	 at	 simultaneously	
considering	design	and	process	issues.	Now,	as	they	look	to	practice	ENPD	it	becomes	necessary	
that	they	are	able	to	 integrate	supply	chain	considerations.	This	can	be	accomplished	by	having	
information	 coming	 in	 from	 both	 the	 supply	 chain	 department	 and	 suppliers	 enter	 the	 design	
process.	The	designers	need	to	take	 into	consideration,	not	only	the	environmental	 information	
relating	 to	 the	 technical	performance	of	 components	and	materials,	 they	also	need	 to	 consider	
the	environmental	and	activities	of	the	suppliers	of	themselves.	It	is	important	to	make	sure	that	
the	designers	are	not	overwhelmed	by	 the	 information	and	 that	 they	 can	utilise	 it	 to	 its	 fullest	
potential.		
The	 role	of	 getting	 information	 from	 the	 supply	 chain	 should	be	one	 that	 is	 undertaken	by	 the	
supply	 department;	 they	 are	 traditionally	 responsible	 for	 and	 have	 the	 most	 expertise	 in	
organisational	information	sharing.	Procurement	can	collect	various	types	of	information	from	the	
supply	chain	and	then	collate	it	in	databases	that	can	be	used	by	designers;	this	can	be	seen	in	all	
the	 case	 companies	with	 the	exception	of	C001.	 In	most	of	 the	 case	 companies,	 this	 is	 already	
happening	as	IT	solutions	are	used	to	facilitate	information	sharing.	And	much	like	how	C006	deal	
with	REACH	 issues,	on	a	need	to	know	basis,	 it	 is	possible	 for	procurement	to	do	the	necessary	
vetting	 and	 analysis	 of	 suppliers	 such	 that	 designers	 are	 only	 given	 outputs	 from	 that	 process	
which	 are	 pertinent	 to	 design	 tasks.	 One	 possibility	 is	 to	 have	 the	 information	 that	 the	 supply	
department	 gathers	 through	 it	 EMS	 available	 to	 designers,	 this	means	 that	 along	with	 product	







decisions	 regarding	 the	 products	 they	 design	 and	 the	 suppliers	 they	 use	 and	 as	 they	 specify	
material	 and	 component	 suppliers	 during	 product	 design	 they	 start	 to	 engage	 in	 early	 supply	
chain	design;	not	just	supply	chain	design	but	green	supply	chain	design.		
Supply	Chain	Design	in	New	Product	Development	
When	 designers	 deal	 directly	 with	 suppliers	 as	 they	 attempt	 to	 practice	 preliminary	 supplier	
selection,	they	will	likely	focus	mainly	on	technical	capabilities	and	overlook	other	factors	that	are	
paramount	 in	 supplier	 selection	 and	 supply	 chain	 design.	 The	 procurement	 department	 has	
expertise	not	only	 in	managing	supplier	 relationships	but	 in	developing	suppliers	 to	ensure	 that	
the	appropriate	 technical	 and	operational	 requirements	 are	met;	 in	 varying	degrees,	 this	 is	 the	
case	 across	 all	 the	 case	 companies.	 All	 the	 case	 companies	 practice	 strategic	 supply	 chain	
management	and	are	involved	in	supply	chain	collaborations	of	varying	types.		
	At	 this	 point	 it	 is	 important	 to	 differentiate	 supply	 chain	 design	 in	 new	 product	 development,	
which	 is	 from	 the	 SCM	 perspective,	 from	 supplier	 collaboration	 in	 new	 product	 development	
(SCNPD),	which	is	from	the	product	design	and	development	perspective.	Through	SCNPD,	where	
the	 product	 design	 function	 takes	 a	 lead	 role,	 designers	 incorporate	 their	 suppliers	 into	 their	
product	 development	 process;	 the	 practice	 has	 been	 found	 to	 be	 beneficial	 with	 regards	 to	
product	 effectiveness	 (product	 quality	 and	 cost)	 and	 project	 efficiency	 (product	 development	
time	and	project	cost)	(Johnsen,	2009;	Fujimoto	et	al.,	1996;	Dyer	and	Singh,	1998).		
When	product	designers	practice	supply	chain	design,	 it	 is	 important	that	they	 incorporate	SCM	
strategies	 into	 their	 process	 and	 that	 they	 collaborate	 with	 the	 internal	 SCM	 function.	 Supply	




supply	 chain	 capabilities	 are	directly	 aligned	with	 its	 enterprise	 strategy,	 the	 results	 tend	 to	be	
superior	performance	and	a	strong	market	position.	The	strategic	importance	of	the	supply	chain	
is	highlighted	in	most	of	the	case	companies,	 in	particular	the	ENPD	companies	where	it	plays	a	
large	 role	 in	 how	 the	 companies	 conduct	 their	 activities;	 it	 adds	 value	 that	 goes	 beyond	 just	
supplying	products	and	they	manage	it	 in	a	structured	manner	to	ensure	that	they	get	the	most	





procurement	 function	gets	more	time	to	explore	and	 identify	opportunities	 in	 the	supply	chain,	
negotiate	with	suppliers,	finalise	supply	conditions	etc.	On	the	other	hand,	the	designers	are	able	
to	 use	 supplier-specific	 information	 in	 the	 environmental	 assessments	 they	 carry	 out	 as	 they	
integrate	environmental	considerations	into	their	design	process.	The	collaboration	between	the	
two	 departments	 is	 mutually	 beneficial	 and	 improves	 the	 company’s	 process	 of	 developing	
products.		
Supply	Chain	Information	Sharing	
For	 data	 to	 be	 available	 during	 the	 product	 development	 process,	 it	 has	 to	 be	 obtained	 from	






challenges	 that	 companies	will	 encounter.	 In	different	 forms,	 all	 the	 case	 companies	encounter	
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‘willingness	 to	 share’	 as	a	barrier	 to	 information	 sharing;	 reasons	 for	 this	 are	varied	but	mainly	
centre	on	non-sharing	cultures	within	companies.	As	exemplified	by	C001	and	the	initial	stance	of	
some	of	C005’s	suppliers,	there	can	be	a	sense	of	mistrust	regarding	how	the	information	will	be	






Those	 companies,	 such	 as	 C004	 and	 C005	 (both	 ENPD	 organisations),	 that	 have	 high	 levels	 of	
openness	 and	 information	 sharing	 across	 their	 supply	 chains	 achieved	 it	 by	 not	 just	 requesting	
that	 their	 suppliers	 share	 information	 with	 them	 but	 by	 also	 sharing	 information	 with	 their	
suppliers.	 They	 work	 on	 cultivating	 the	 relationships	 they	 have	 with	 suppliers	 for	 information	
sharing	 benefits	 and	 attribute	 the	 high	 levels	 of	 sharing	 they	 have	 to	 mutual	 respect,	 shared	
goals,	 open	 and	 honest	 relationships.	 For	 these	 companies,	 attaining	 these	 levels	 of	 trust	 and	
openness	 has	 not	 been	 instantaneous	 but	 rather	 the	 result	 of	 meticulous	 supply	 chain	
management.		
In	 these	 companies,	 information	 sharing	 is	 a	 requirement	 that	 is	 embedded	 into	 supplier	






you	can	pay	more	 to	get	 components	 that	are	 supplied	with	environmental	 information	or	you	
can	 specify	 to	 suppliers	 that	 it	 is	 a	 requirement	 that	 they	 provide	 environmental	 information	
related	 to	 the	products	 that	you	purchase.	Using	C003	with	 its	bonus-malus	evaluation	 system,	
and	C004	with	its	use	of	KPIs	for	evaluation	as	examples,	it	is	possible	to	evaluate	suppliers	based	
on	 their	 information	 sharing,	with	 those	 that	 share	 ranked	 higher	 than	 those	 that	 do	 not.	 And	
following	 C005’s	 practices,	 the	 results	 of	 the	 evaluations	 can	 be	 shared	 with	 the	 suppliers	 to	
encourage	them	to	improve.		
Particularly	among	 those	companies	 that	engage	 in	ENPD,	 there	 is	 recognition	 that	 information	
sharing	is	an	issue	that	affects	everyone	in	industry	and	that	it	can	be	tackled	at	an	industry	level	
through	 collaboration.	 As	 many	 of	 the	 companies	 within	 an	 industry	 share	 customers	 and	
suppliers,	by	consolidating	the	information	sharing,	what	may	be	difficult	to	do	for	an	individual	
organisation	becomes	easier	to	achieve	collectively.	










particularly	 as	 investment	 is	 required.	 This	 can	be	 seen	 in	 the	SMEs	within	C006’s	 supply	 chain	
and	 also	 in	 C001	 who	 primarily	 share	 information	 using	 data	 sheets.	 A	 common	 method,	




component	 to	 determine	 its	 environmental	 performance.	 Such	 a	 tactic	 is	 best	 used	 on	 critical	
components	 that	 are	 likely	 to	 have	 a	 significant	 impact	 on	 the	 technical	 or	 environmental	
performance	of	the	product.		
In	some	cases,	 information	is	not	shared	outright	as	it	might	not	be	deemed	as	pertinent	and	in	




Information	 technology	 plays	 a	 central	 role	 in	 organisational	 information	 sharing.	 With	 the	
exception	 of	 C001,	 the	 case	 companies	 employ	 the	 use	 of	 IT	 to	 collate	 and	 share	 information	
internally	and	with	 their	 suppliers.	 Issues	 regarding	 information	 sharing	using	 IT	extend	beyond	
technology	to	operational	impact.	This	means	that	not	only	is	it	important	to	have	the	necessary	
technology	but	 it	 is	 important	 to	have	an	understanding	of	 the	human	element	associated	with	
the	use	of	the	technology.		
With	various	companies	using	 IT	 to	share	 information	and	various	types	of	software	being	used	
for	the	practice,	 the	different	types	of	software	that	employees	have	to	 interact	with	 increases.	
While	 large	 organisations	 can	 cope	 with	 the	 resources	 required,	 it	 is	 increasingly	 difficult	 for	











In	 a	 world	 that	 is	 increasingly	 interdependent,	 what	 happens	 to	 one	 supplier	 can	 have	 ripple	
effects	onto	an	entire	multinational	company.	Through	supply	chain	mapping	visibility	of	a	multi-
tier	supply	chain	can	be	gained	allowing	for	 information	to	be	collected	that	allows	pre-emptive	
action	 to	be	 taken	 to	protect	against	 risks.	Supply	chain	mapping	 is	a	 relatively	new	concept	 to	
most	 organisations.	 C001	 and	C002,	 the	 two	prospective	 ENPD	 companies,	 do	not	 practice	 any	
form	of	supply	chain	mapping,	while	C003	turned	to	supply	chain	mapping	after	failing	to	detect	
risks	within	 the	 supply	 chain	 and	 C004	 after	 unknowingly	 violating	 trade	 restrictions.	 Due	 to	 a	
need	to	adhere	to	REACH	requirements,	C006	strategically	maps	 its	supply	chain	by	focusing	on	
critical	 points.	 Not	 only	 does	 supply	 chain	 mapping	 allows	 risks	 to	 be	 identified	 early	 and	
mitigating	 action	 put	 in	 place	 more	 rapidly	 -	 so	 preserving	 continuity	 of	 supply	 –	 also,	 it	 is	
beneficial	for:	collecting	information	on	sub-suppliers;	maintaining	accurate	supplier	data;	linking	
relationships	 between	 the	 different	 tiers	 of	 a	 supply	 chain;	 and	 increasing	 the	 visibility	 of	 the	
chain	 as	 a	whole	 to	 enable	 all	 parties	 involved	 to	 understand	where	 and	 how	 their	 goods	 are	
sourced.	 All	 this	 can	 have	 a	 positive	 impact	 on	 ENPD	 efforts	 as	 this	 can	 be	 used	 to	 drive	 the	
sharing	 of	 technical	 and	 environmental	 performance	 information	 relating	 to	 suppliers	 and	 the	
products	that	they	supply.		
Supply	 chain	mapping	 is	 a	 very	 cumbersome	and	 challenging	exercise	due	 to	 the	 complexity	of	
supply	chains.	As	a	result,	ENPD	companies	like	C003,	C004,	C005	and	C006	look	to	collaborating	








Through	 early	 procurement	 involvement	 in	 product	 development,	 supply	 chain	 design	 can	 be	
introduced	earlier	in	the	development	process	with	the	procurement	function	not	only	interfacing	
with	 suppliers	 but	 also	 managing	 supplier-side	 interactions	 and	 enabling	 the	 sharing	 of	
information	 that	 can	 be	 used	 in	 ENPD.	 Adequate	 relationship	 management	 that	 creates	 an	
openness	 and	 information	 sharing	 culture	 across	 the	 supply	 chain	 can	 mitigate	 some	 of	 the	
challenges	that	are	associated	with	 information	sharing.	However,	 it	 is	 important	to	understand	
the	 risks	 that	 are	 inherent	 in	 the	 practice	 and	 the	 consequences	 of	 providing	 accidental	 but	
harmful	access	to	corporate	information.	The	use	of	IT	and	practicing	supply	chain	mapping	also	
aid	 in	 attaining	 visibility,	 which	 is	 essential	 to	 supply	 chain	 information	 sharing.	 To	 address	
information	risk	 in	the	supply	chain,	organisations	should	adopt	robust,	scalable	and	repeatable	











A	 process	 maturity	 model	 of	
procurement	involvement	in	ENPD	
Serves	as	an	audit	tool	to	assess	and	





A	 list	 of	 issues	 to	 consider	 when	
practicing	supply	chain	mapping	for	
information	sharing		
Used	 to	 guide	 the	 process	 and	 as	 a	




PORTAL	FOR	ENPD	 A	web	based	portal	 that	 facilitates	the	 sharing	 of	 information	 within	the	supply	chain.	 Provides	the	product	designer	with	a	reliable	 input	 of	 accurate	 data	 and	information	central	to	ENPD.		
	
CHAPTER	SUMMARY	
With	 the	 intention	 of	 answering	 RQ1(a),	 RQ2	 and	 RQ3,	 as	well	 as	 addressing	 RO1(a),	 RO2	 and	
RO5,	 a	 multi-case	 study	 was	 undertaken.	 The	 aim	 of	 the	 multi-case	 study	 was	 to	 explain	 the	
complex	causal	 links	 in	 real-life	NPD	and	SCM	 interaction	and	describe	and	explore	 the	 real	 life	
context	 within	 in	 which	 environmental	 considerations	 can	 be	 introduced	 into	 NPD.	 The	 study	
composed	of	six	companies,	four	that	conduct	ENPD	and	can	provide	valuable	understanding	and	

























This	 chapter	 contains	 details	 on	 the	 controlled	 experiments	 that	 were	 developed	 to	 help	 fulfil	
Research	Objectives	1(b),	2,	3	and	4.	The	main	aim	of	the	controlled	experiments,	which	take	the	
form	of	component	selection	exercises,	was	to	explore	the	role	and	impact	of	early	supply	chain	
design	and	supplier-specific	 information	on	 the	outputs	of	 the	ENPD	process.	 It	 covers	how	the	
controlled	 experiments	 were	 formulated,	 designed	 and	 conducted,	 how	 the	 results	 were	
analysed,	the	resultant	inferences	and	their	implications.	
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Taking	 the	 form	 of	 an	 empirical	 investigation	 under	 controlled	 conditions,	 the	 component	
selection	 exercises	 are	 a	 form	 of	 experiment	 that	 assess	 early	 supply	 chain	 design	 during	 the	
ENPD	process	and	aim	to	examine	the	properties	of,	and	the	relationships	between,	information	
available	 during	 the	 ENPD	 process	 and	 its	 outputs.	 The	 component	 selection	 exercises	 were	
designed	and	conducted	in	order	to	answer	the	following	question:	


















The	 component	 selection	 exercises	were	 carefully	 developed	 as	 a	 simplified	 version	 of	 real-life	




able	 to	 select	 components	 to	 use	 in	 products	 while	 simultaneously	 selection	 suppliers	 of	 the	
component	and	thus	designing	the	product’s	supply	chain.		
Based	on	a	real-life	company	and	product,	with	extra	elements	added	to	ensure	that	the	aims	of	




the	 StylishEco,	 the	 new	 cooker	 hood	 aims	 to	 have	 an	 outstanding	 environmental	
performance	profile.		
Located	in	Milan,	Italy,	CleanAir	has	been	producing	high	quality	cooker	hoods	since	1955.	
With	50%	market	share,	 it	 is	the	market	 leader	 in	 Italy	–	a	country	that	values	premium	
kitchen	 ventilation.	 CleanAir	 products	 show	 the	 company-wide	 commitment	 to	
technology,	 quality	 and	 design.	 	 Its	 expertise	 lies	 in	 the	 design	 and	 assembly	 of	 cooker	
hoods.	All	cooker	hoods	are	designed	in	house	and	incorporate	a	mixture	of	standard	and	
made	to	order	parts.	After	parts	have	been	appropriately	sourced,	CleanAir,	in	Fabriano,	
assembles	 them	 into	 the	 final	 product.	 CleanAir	 does	 not	 have	 any	 component	
	 106	
manufacturing	 capabilities;	 product	 design	 is	 conducted	 in-house	 and	 component	
manufacturing	is	outsourced.	
CleanAir™	has	 recently	 become	 verified	 under	 the	 Eco-Management	 and	Audit	 Scheme	
(EMAS)	 to	 reflect	 its	 commitment	 to	 environmental	 issues.	 As	 part	 of	 this,	 CleanAir	
conducted	an	environmental	review	of	 its	supply	base.	During	the	review,	CleanAir	used	







into	 the	 StylishEco.	 The	 StylishEco	 will	 be	 the	 first	 cooker	 hood	 to	 be	 produced	 by	
CleanAir	 since	 its	EMAS	verification.	 	The	StylishEco	will	be	characterised	by	differences	
that	aim	to	lower	environmental	impacts	during	various	life	cycle	stages.”	






redesign	 involved	 replacing	 pre-specified	 parts	 in	 the	 Stylish	 cookerhood	 with	 ones	 that	 they	
deemed	 to	 be	 more	 appropriate	 for	 the	 StylishEco.	 During	 the	 exercise	 the	 researcher	 could	
answer	 some	 questions	 and	 offer	 clarifications	 where	 necessary.	 The	 researcher	 also	 asked	
questions	to	capture	the	participants’	thought	processes	and	the	basis	for	their	decision	making.	
The	 real	 life	 company	 that	 the	component	 selection	exercises	are	based	on	 is	C002,	one	of	 the	
case	companies	from	the	multi-case	study	(See	Chapter	5),	and	the	exercise	scenario	is	based	on	
one	 that	 C002	 found	 itself	 in	 as	 a	 prospective	 ENPD	 company.	 In	 an	 attempt	 to	 trial	 the	
implementation	 of	 ENPD	 practices	within	 the	 company,	 C002	 collaborated	 on	 an	 ENPD	 project	
with	other	prospective	ENPD	companies	(including	C001	from	the	multi-case	study)	and	academic	
institutions	 (including	the	researcher’s	own	–	the	researcher	was	part	of	 the	project	 team).	The	
product	that	C002	put	forward	during	the	project	is	the	one	the	Stylish	cooker	hood	is	based	on.	
The	 formulation	of	 these	exercises	was	 informed	by	 the	 researcher’s	 experience	of	working	 on	
the	ENPD	project	and	undertaking	the	multi-case	study	as		
Through	working	on	the	ENPD	project	and	undertaking	the	multi-case	study,	the	researcher	was	
able	 to	 gain	 an	 in-depth	 understanding	 of	 the	 real	 life	 context	 within	 which	 environmental	
considerations	are	introduced	into	NPD;	this	heavily	informed	the	development	of	the	controlled	
exercises.	During	the	ENPD	project	the	researcher	worked	experienced	how	a	product	can	be	re-
designed	 based	 on	 environmental	 objectives	 and	 gained	 access	 to	 documentation	 and	 analysis	
results	 relating	 to	 a	 real	 life	 product;	 this	 resulted	 in	 the	 know-how	 of	 how	 designers	 could	
integrate	supply	chain	considerations	into	the	ENPD	process	through	the	integration	of	supplier-















Product	 environmental	 performance	 and	 cost	 were	 selected	 because	 the	 performance	 of	 a	
product	 is	usually	defined	 in	either	 technical	or	 financial	 terms,	often	with	a	strong	relationship	
between	 the	 two.	 Supply	 chain	 greenness,	 related	 to	 supply	 chain	 design,	 is	 the	 additional	
attribute	 that	was	 considered	 as	 an	 output.	 This	 relates	 to	 the	 product	 development	 trade-off	
model	presented	in	Section	2.2.2	(See	Figure	13).	The	assessments	of	these	attributes	were	of	a	
quantitative	 nature	 and	 were	 guided	 by	 the	 research	 questions	 whose	 resultant	 working	
hypotheses	 are	 listed	 in	 Table	 38	 and	 aimed	 to	 address	 Research	 Objective	 3.	 During	 the	






























independent	 variable(s),	 experimental	 research	 has	 the	 advantage	 of	 enabling	 a	 researcher	 to	






A	 variable	 is	 not	 only	 something	 that	 can	 be	 measured,	 but	 also	 something	 that	 can	 be	
manipulated	and	controlled	for.	It	is	important	to	understand	the	characteristics	of	the	variables	
and	to	accurately	describe	them.	Table	39	contains	a	 list	of	the	variables	that	are	related	to	the	






HYPOTHESIS	 VARIABLE	1	 VARIABLE	2	 VARIABLE	TYPE	
HA	 PRODUCT	COST	 PRODUCT	ENVIRONMENTAL	PERFORMANCE	 CONTINUOUS	
	HB	 PRODUCT	COST	 SUPPLY	CHAIN	GREENNESS	HC	 PRODUCT	ENVIRONMENTAL	PERFORMANCE	 SUPPLY	CHAIN	GREENNESS	
	
TABLE	40:	GROUP	DIFFERENCES	VARIABLES	
HYPOTHESIS	 TYPE	OF	VARIABLE	 VARIABLE	 VARIABLE	TYPE	 CATEGORIES	
HD/E/F	




















context	of	 this	study,	 the	population	of	 interest	 is	product	designers.	While	random	sampling	 is	




Though	 the	use	of	 inferential	 statistics,	 samples	can	be	used	 to	make	generalisations	about	 the	
populations	from	which	the	samples	were	drawn.	This	means	that	the	research	outputs	can	have	
broader	application	than	merely	being	 limited	to	a	small	group.	 In	this	case,	the	outputs	can	be	




University	 of	 Bath.	 All	 the	 participants	 had	 at	 least	 12	months	 industrial	 placement	 experience	
working	with	suppliers	in	industry	and	had	an	understanding	of	eco-design	basics.	The	group	was	
identified	 as	 one	 that	 had	 characteristics	 that	 correspond	 to	 the	 population	 of	 interest	 (i.e.	
product	development	professionals).	Care	was	taken	when	determining	the	traits	of	participants	
in	the	sample,	as	the	disadvantage	of	purposive	sampling	is	the	omission	of	a	vital	characteristic	
or	 subconscious	 bias	 in	 selecting	 the	 sample.	 The	 participants	 were	 assigned	 to	 control	 and	












P001	 AUTOMOTIVE	 2	 1	
P002	 AUTOMOTIVE	 2	 1	
P003	 CONSUMER	PRODUCTS	 3	 1	
P004	 CONSUMER	PRODUCTS	 2	 1	
B	
P005	 PRODUCT	DESIGN	CONSULTANCY	 3	 1	
P006	 AEROSPACE	 2	 1	
P007	 OIL	AND	GAS	 2	 1	
P008	 CONSUMER	PRODUCTS	 3	 1	
C	
P009	 AUTOMOTIVE	 2	 1	
P010	 OIL	AND	GAS	 3	 1	
P011	 PRODUCT	DESIGN	CONSULTANCY	 2	 1	
P012	 AEROSPACE	 2	 1	
D	
P013	 CONSUMER	PRODUCTS	 2	 1	
P014	 AUTOMOTIVE	 3	 1	
P015	 AUTOMOTIVE	 2	 1	
P016	 CONSUMER	PRODUCTS	 2	 1	
	 	 	 	 	
	 KEY	
	 SUPPLIER	
ENGAGEMENT	LEVEL	 DEFINITION	 	 ECO	DESIGN	LEVEL	 DEFINITION		 1	 WORKING	WITH	CATALOGUES	 	 1	 ACADEMIC	EXPERIENCE		 2	 COMMUNICATING	WITH	SUPPLIERS	 	 2	 INDUSTRIAL	EXPERIENCE		 3	 WORKING	ON	PROJECTS	WITH	SUPPLIERS	 	 	 	
	
6.4 EXPERIMENT	STRUCTURE	DESIGN	
The	 main	 aim	 of	 these	 exercises	 was	 to	 show	 how	 the	 dependent	 variables	 (ENPD	 outputs)	
respond	 to	 changes	 in	 the	 independent	 variables	 (information).	 To	do	 this,	 it	was	 important	 to	
ensure	that	it	is	the	information	the	designers	had	was	responsible	for	any	changes	in	the	design	
outputs	and	not	some	other	factor.	This	was	achieved	through	the	control	of	variables	that	could	
perhaps	affect	 the	 incidence,	 to	ensure	 that,	out	of	all	of	 them,	 it	was	only	 the	one	 factor	 that	
could	possibly	be	 linked	 to	 the	change.	McBurney	and	White	 (2003)	 state	 that	 there	 is	no	such	
thing	 as	 a	 perfect	 experiment;	 nevertheless,	 the	 existence	 of	 a	 control	 group	 and	 random	




all	 other	 relevant	 factors	 unchanged.	 In	 the	 case	 of	 these	 component	 selection	 exercises,	
Condition	 A,	 where	 the	 participants	 were	 only	 provided	 with	 information	 regarding	 the	
performance	of	the	parts	they	could	choose	from,	was	set	up	as	the	control	group.	Three	other	
groups,	 which	 had	 varying	 types	 of	 information,	 were	 the	 experimental	 groups.	 Those	 in	
Condition	 B	 had	 cost	 and	 performance	 information,	 Condition	 C	 had	 cost,	 performance	 and	
supplier	 information	and	Condition	D	has	access	 to	performance,	 cost	and	 supplier	 information	
but	 it	would	only	be	supplied	 if	 they	explicitly	asked	 for	 it.	Condition	C	 is	 the	group	 that	would	
perform	the	component	selection	exercises	under	the	conditions	suggested	by	the	approach	and	
process	model	detailed	in	the	conceptual	framework	(See	Section	3.2).	The	use	of	control	groups	










A	 4	 RANDOM	 CONTROL	 PERFORMANCE	INFORMATION		 LIGHT	BULB	LUMENS	 YES	 YES	
B	 4	 RANDOM	 EXPERIMENTAL	
PERFORMANCE	
AND	COST	
INFORMATION	 LIGHT	BULB	LUMENS	AND	COST	OF	LIGHT	BULB	 YES	 YES	










D	 4	 RANDOM	 EXPERIMENTAL	 OPTIONAL	INFORMATION	 	 YES	 YES	
	
6.4.2 PRE-TEST	AND	POST-TEST	
To	 compensate	 for	 any	 non-equivalency	 within	 the	 groups	 that	 was	 likely	 due	 to	 eco-design	
experience	and	to	eliminate	any	resultant	biases,	a	pre-test	post-test	design	was	adopted.	In	this	




product	 and	 identifying	 environmental	 hotspots;	 it	 was	 related	 to	 the	 analysis	 steps	 in	 the	
environmental	 performance	 integration	method	 proposed	 by	Nielsen	 and	Wenzel	 (2002b)	 (See	
Section	 2.2.2.)	 	 Following	 that,	 the	 participants	 undertook	 the	 exercise	 in	 accordance	with	 the	
treatment	 of	 the	 condition	 they	 have	 been	 placed	 in.	 During	 the	 post-test,	 the	 researcher	 and	
participants	discussed	and	analysed	the	produced	designs.	
6.5 EXPERIMENT	INSTRUMENT	DESIGN	
For	 defensible	 inferences	 to	 be	 made	 on	 the	 basis	 of	 the	 data	 collected	 during	 the	
experimentation	process,	 the	data	 from	 the	component	 selection	exercises	had	 to	be	valid	and	
reliable.	To	achieve	external	validity,	the	instruments	were	designed	in	a	manner	that	allowed	for	
generalisations	 to	be	made	 from	 the	analysis	of	 the	 sample	data	 to	 the	population	as	a	whole.	
Figure	44	 shows	 the	 stages	 in	 the	 instrumentation	process	 that	 resulted	 in	 the	development	of	
materials	that	were	used	in	the	component	selection	exercises.		

































































































An	 outline	 of	 the	 component	 selection	
exercise	in	the	form	of	a	project	brief	for	the	
redesign	 of	 the	 Stylish	 Cookerhood	 into	 the	
StylishEco	 Cookerhood.	 The	 brief	 contains	
information	 on	 the	 company	 background,	
project	 background	 and	 what	 is	 required	 of	
the	participant.	









A	promotional	 flyer	 that	 gives	details	on	 the	
Stylish	 Cookerhood.	 The	 flyer	 contains	
pictures	 of	 the	 cookerhood,	 has	 information	
on	 the	 performance	 of	 the	 cookerhood	 and	
highlights	the	cookerhood’s	main	features.		
While	the	flyer	was	created	especially	for	the	
exercise,	 the	 information	 that	 is	 contained	











The	 technical	 datasheet	 for	 the	 Stylish	
Cookerhood.	 The	 datasheet	 contains	
information	on	the	performance	and	physical	
attributes	 of	 the	 cookerhood	 and	 also	 has	
drawings	of	the	cookerhood.		
While	 the	 datasheet	 was	 created	 for	 the	
purpose	 of	 the	 exercise,	 the	 information	










An	 assembly	 drawing	 for	 the	 Stylish	
Cookerhood.	 The	 drawing	 is	 an	 exploded	
view	 of	 the	 cookerhood;	 a	 parts	 list	 is	 also	
included.		
The	 drawing	 was	 created	 especially	 for	 this	























A	 simplified	 LCA	 report	 of	 the	 Stylish	
cookerhood.	 The	 LCA	 report	 contains	 an	
inventory	 list	 which	 details	 the	 elements	
that	 were	 taken	 into	 consideration	 during	
the	 LCA	 and	 the	 subsequent	 LCA,	 which	
focused	 on	 the	 impact	 of	 the	 cookerhood	
during	 the	 manufacturing,	 use	 and	
transportation	phases	of	its	lifecycle.	
This	 simplified	LCA	report	 is	 identical	 to	 the	
















A	 cookerhood	 parts	 catalogue.	 The	 parts	
catalogue	 contains	 information	 on	 the	





The	 parts	 catalogue	 contains	 real	
components	 that	 are	 available	 to	 buy	 from	
different	vendors.	The	parts	catalogue	comes	









A	database	of	 the	suppliers	 that	provide	 the	
parts	that	are	included	in	the	parts	catalogue.	
The	 information	 includes	 location	 of	 the	
suppliers,	 results	 of	 the	 Eco-Management	
and	Audit	Scheme	and	certifications	that	the	
suppliers	have.	
The	 information	 regarding	 the	 locations	 of	
the	 suppliers	 is	 based	 on	 real	 life;	 however,	
all	the	other	information	in	the	database	was	
created	 for	 the	 exercise.	 The	 type	 of	
information	 in	 the	 database	 is	 based	on	 the	







the	 Stylish	 cookerhood.	 The	 document	
includes	 information	 on	 where	 the	 parts	 in	
the	 cookerhood	 were	 transported	 from	 and	
the	means	of	transportation	that	was	used.	





A	 parts	 replacement	 fill-in	 sheet.	 The	 sheet	
contains	information	on	the	parts	that	are	in	
the	Stylish	cookerhood	and	has	spaces	where	












A	 B	 C	 D	
CLEAN	AIR	STYLISHECO	PROJECT	BRIEF	 -	 ✔	 ✔	 ✔	 ✔	
STYLISH	COOKERHOOD	PROMOTIONAL	FLYER	 -	 ✔	 ✔	 ✔	 ✔	
STYLISH	COOKERHOOD	TECHNICAL	DATASHEET	 -	 ✔	 ✔	 ✔	 ✔	
STYLISH	COOKERHOOD	ASSEMBLY	DRAWING	 -	 ✔	 ✔	 ✔	 ✔	
ELECTRIC	MOTOR	ASSEMBLY	DRAWING	 -	 ✔	 ✔	 ✔	 ✔	
STYLISH	COOKERHOOD	SIMPLIFIED	LCA	REPORT	 -	 ✔	 ✔	 ✔	 ✔	
PARTS	CATALOGUE	(WITH	COST)	 COST	 	 ✔	 ✔	 (AVAILABLE	UPON	REQUEST)	
PARTS	CATALOGUE	(WITHOUT	COST)	 PRODUCT	 ✔	 	 	 ✔	
SUPPLIER	DATABASE	 SUPPLIER	 	 	 ✔	 (AVAILABLE	
UPON	REQUEST)	
STYLISH	COOKERHOOD	DETAILED	TRANSPORT	
SCENARIO	 SUPPLIER	 	 	 ✔	
(AVAILABLE	
UPON	REQUEST)	
PARTS	REPLACEMENT	FILL-IN	SHEET	 -	 ✔	 ✔	 ✔	 ✔	
	
6.5.2 PILOT	AND	POST	PILOT	
Several	 drafts	 of	 the	 research	 instrument	were	 tested	 until	 a	 satisfactory	 version	was	 reached.	
Throughout	this	process	Dr.	L.	Domingo,	an	eco-design	expert,	was	consulted	to	help	evaluate	the	
overall	 design	 of	 the	 exercises	 and	 validity	 of	 associated	 materials.	 The	 component	 selection	
exercises	 were	 only	 carried	 out	 after	 necessary	 amendments	 were	 made	 and	 the	 research	
instrument	 was	 thought	 to	 be	 ready.	 Dr.	 Domingo	 was	 also	 instrumental	 in	 developing	 the	
evaluation	process	with	for	the	outputs	of	the	exercises.	
6.6 DATA	COLLECTION	AND	RESULTS	
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The	 main	 objective	 of	 this	 stage	 of	 the	 research	 was	 to	 probe	 the	 data	 from	 the	 component	
selection	 exercises	 in	 a	 way	 that	 critically	 assesses	 the	 impact	 of	 supply	 chain	 design	 on	
environmental	 new	 product	 development	 outputs,	 with	 the	 aim	 of	 understanding	 what	
information	affects	ENPD	and	how	it	could	be	improved.		
6.7.1 DATA	ANALYSIS	PROCESS	
The	 data	 analysis	 of	 the	 component	 selection	 exercises	 followed	 a	 process	 composed	 of	 three	
stages.	 Figure	45	details	 these	 stages	 in	 relation	 for	both	 the	quantitative	 and	qualitative	data.	
Furthermore,	 it	 shows	 the	 differences	 between	 the	 quantitative	 and	 qualitative	 data	 analysis,	
with	the	quantitative	arm	tending	to	shape	the	data	more	consciously	and	explicitly	in	the	earlier	
stages	of	the	processes	compared	to	the	qualitative.		
	 	 QUANTITATIVE	 	 QUALITATIVE	




















































The	 qualitative	 data	was	 analysed	 using	 Nvivo,	while	 the	 quantitative	 data	was	 analysed	 using	
Microsoft	 Excel,	 SPSS	 and	 Matlab.	 Figure	 46	 contains	 details	 on	 the	 data	 that	 each	 software	
package	analysed,	along	with	the	actions	involved	and	the	outcomes.	The	use	of	software	saved	
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based	 on	 original	 metrics	 and	 scoring	 systems	 that	 were	 established	 and	 developed	 for	 the	
purpose	of	this	study.		
The	 first	 step	 in	 calculating	 the	 product	 environmental	 performance	was	 referring	 back	 to	 the	
contributions	highlighted	in	the	LCA	report,	the	electric	motor,	spotlights	and	grease	filters	were	





MOTOR	 89%	 9.1%	 66.32%	
LIGHTS	 9%	 8.4%	 8.76%	
GREASE	FILTER	 1%	 18%	 5.61%	
	 	 CONTRIBUTION	 80.59%	
	
As	they	constitute	the	parts	that	the	participants	could	change	that	have	the	most	impact	on	the	
environmental	 profiles	 of	 the	 designed	 cookerhoods,	 the	 product	 environmental	 performance	
calculation	was	based	 solely	on	 these.	However,	 as	 the	parts	did	not	 contribute	equally,	 it	was	
necessary	to	reflect	that	in	the	calculation.	By	treating	the	80.59%	contribution	of	the	three	parts	










Resultantly,	 the	 product	 environmental	 performance	 is	 the	 averaging	 the	 totalling	 of	 the	
environmental	performance	of	the	individual	parts	according	to	the	following	equation:	




the	 higher	 the	 efficiency	 of	 the	 motor	 the	 better	 its	 environmental	 profile.	 The	 biggest	







STEP	1	 ": = 	 1ℎ=>ℎ?@A	?BB=C=?DCE	BFGH	GIA=GD@	 ": = 10.66 = 1.52	

































The	 biggest	 spotlight	 contributions	 were	 almost	 equally	 in	 the	 use	 and	manufacturing	 phases,	
relating	 these	 to	 the	attributes	 that	 the	participants	had	control	over	 resulted	 in	EPspotlight	being	
based	on	the	wattage	and	the	number	of	lights	used	through	the	life	of	the	cookerhood	such	that	







STEP	1	 ": = 	 1NGO?@A	OPAAP>?	BFGH	GIA=GD@	 ": = 15 = 0.2	
STEP	2	 " = OPAAP>?	×	":	 " = 20	×	0.2 = 4	
STEP	3	 QR = 	R?ST=F?U	QTNV	WGTF@	QTNV	RPA?U	X=B? 	 QR = 	80004000 = 2	
STEP	4	 "!/0)*1234* = 1QR	×	"	 "!/0)*1234* = 12	×	4 = 0.125		 	 		 KEY	 EF	=	Environmental	Factor	BR	=	Bulbs	Required	 E	=	Efficiency	EPSPOTLIGHT	=	Spotlight	Environmental	Performance	
	
TABLE	52:	SPOTLIGHT	ENVIRONMENTAL	PERFORMANCE	SCORES	




1	 20	 4	 4000	HRS	 2	 0.125	
2	 20	 4	 4000	HRS	 2	 0.125	
3	 20	 4	 5000	HRS	 2	 0.125	





5	 35	 7	 2000	HRS	 3	 0.048	
6	 35	 7	 2000	HRS	 3	 0.048	
7	 35	 7	 2000	HRS	 3	 0.048	




9	 35	 7	 5000	HRS	 2	 0.071	
10	 35	 7	 5000	HRS	 2	 0.071	
11	 35	 7	 5000	HRS	 2	 0.071	
12	 35	 7	 5000	HRS	 2	 0.071	
COOL	BACK	
HALOGEN	
13	 35	 7	 3000	HRS	 2	 0.071	
14	 35	 7	 3000	HRS	 2	 0.071	
15	 35	 7	 3000	HRS	 2	 0.071	
16	 35	 7	 3000	HRS	 2	 0.071	
LED	 17	 7	 1.4	 15000	HRS	 1	 0.714	
18	 5	 1	 15000	HRS	 1	 1.000	
19	 5.5	 1.1	 25000	HRS	 1	 0.909	
















STEP	1	 ": = 	 1NGO?@A DG. GB	HPA?F=PN@ + Aℎ=CYD?@@ 	BFGH	GIA=GD@	 ": = 11 + 1 = 0.5	
STEP	2	 "!3+67/6821*6+ = ":DG. GB	HPA?F=PN@ + Aℎ=CYD?@@ 	 "!3+67/6821*6+ = 	 23 = 0.67		 	 		 KEY	 EF	=	Environmental	Factor		 EPGREASEFILTER	=	Spotlight	Environmental	Performance	
	
TABLE	54:	GREASE	FILTER	ENVIRONMENTAL	PERFORMANCE	SCORES	
OPTION	 NO.	OF	MATERIALS	 THICKNESS	 TOTAL	 EPGREASEFILTER	
1	 1	 2	 3	 0.67	
2	 2	 2	 4	 0.50	
3	 2	 2	 4	 0.50	
4	 2	 2	 4	 0.50	
5	 1	 1	 2	 1.00	
6	 2	 1	 3	 0.67	
7	 2	 1	 3	 0.67	
8	 2	 1	 3	 0.67	
9	 2	 2	 4	 0.50	
10	 3	 2	 5	 0.40	
11	 2	 2	 4	 0.50	
12	 3	 2	 5	 0.40	
13	 2	 1	 3	 0.67	
14	 3	 1	 4	 0.50	
15	 2	 1	 3	 0.67	
16	 3	 1	 4	 0.50	
	
Participant	Cookerhood	PEP	Scores	
The	values	 corresponding	 to	 the	 selections	 that	 the	participants	made	were	used	 to	determine	







CONDITION	 PARTICIPANT	 LIGHTS	 MOTOR	 FILTER	 TOTAL	
A	
P001	 0.0987	 0.8219	 0.0348	 0.9554	
P002	 0.1085	 0.8219	 0.0695	 1.0000	
P003	 0.1085	 0.5978	 0.0695	 0.7758	
P004	 0.1085	 0.6227	 0.0695	 0.8007	
B	
P005	 0.0078	 0.8219	 0.0464	 0.8760	
P006	 0.1085	 0.6227	 0.0464	 0.7776	
P007	 0.0078	 0.6227	 0.0348	 0.6652	
P008	 0.0078	 0.6227	 0.0348	 0.6652	
C	
P009	 0.1085	 0.6227	 0.0348	 0.7660	
P010	 0.0987	 0.5978	 0.0348	 0.7312	
P011	 0.1085	 0.6227	 0.0348	 0.7660	
P012	 0.1085	 0.5978	 0.0695	 0.7758	
D	
P013	 0.1085	 0.5978	 0.0464	 0.7527	
P014	 0.0136	 0.6227	 0.0464	 0.6826	
P015	 0.1085	 0.8219	 0.0348	 0.9652	
P016	 0.0775	 0.5978	 0.0348	 0.7101	
	
Supply	Chain	Greenness	Calculations	
As	with	 the	PEP,	 the	SCG	 is	 totalling	of	 the	 supplier	greenness	 scores	of	all	 the	 suppliers	 in	 the	
designed	products	supply	chain	and	is	calculated	according	to	the	following	equation:	
Z[\ = 	Z\()*)+ + 	Z\/0)*1234* + Z\3+67/6821*6+ + Z\2(06116+ + Z\]1)^6+ + Z\07_`732a36 	
Supplier	Greenness	
The	supplier	greenness	 is	calculated	based	on	the	 information	that	was	supplied	 in	 the	supplier	
database,	 it	 includes	 the	 eco-score,	 the	 distance	 and	 the	 certifications	 and	 is	 exclusive	 of	 the	
product	being	supplied.	The	eco-score	is	the	score	that	is	assigned	to	each	supplier	in	CleanAir’s	
Eco-Management	and	Audit	Scheme,	the	distance	is	how	far	away	the	supplier	is	from	CleanAir’s	
site	 and	 the	 certifications	 represent	 the	 number	 of	 environmentally	 related	 certifications	 that	
each	supplier	has.	The	suppliers	are	evaluated	relative	to	the	best	out	of	the	group	with	the	lower	
the	distance,	the	higher	the	number	of	certifications	and	the	higher	the	eco-score	resulting	in	the	
better	 supply	 chain	 greenness	 score.	 The	 factors	 are	 all	 assigned	 equal	 weight	 because	 the	













STEP	1	 Rb = 	cd?FPNN	@ℎGFA?A	@TIIN=?F	U=@APDC?	BFGH	[N?PDe=FZTIIN=?F	U=@APDC?	BFGH	[N?PDe=F 	 Rb = 2017230 = 0.0012	
STEP	2	 R[ = 	 fG. GB	C?FA=BCPA=GD@W=>ℎ?@A	DG. GB	@TIIN=?F	C?FA=B=CPA=GD@	 R[ = 33 = 1	
STEP	3	 R"Z = 	 "CG − ZCGF?W=>ℎ?@A	@TIIN=?F	?CG − @CGF?	 R"Z = 5.38.2 = 0.646	









LIGHT	A	 17230	 0.0012	 3	 1.000	 5.3	 0.646	 1.6475	
LIGHT	B	 17110	 0.0012	 2	 0.667	 4.5	 0.549	 1.2166	
LIGHT	C	 56	 0.3571	 3	 1.000	 6.3	 0.768	 2.1254	
LIGHT	D	 36	 0.5556	 2	 0.667	 7.4	 0.902	 2.1247	
LIGHT	E	 17070	 0.0012	 2	 0.667	 5.9	 0.720	 1.3874	
LIGHT	F	 430	 0.0465	 3	 1.000	 5.7	 0.695	 1.7416	
LIGHT	G	 17310	 0.0012	 3	 1.000	 6.4	 0.780	 1.7816	
LIGHT	H	 630	 0.0317	 2	 0.667	 6.6	 0.805	 1.5033	
MOTOR	A	 17110	 0.0012	 2	 0.667	 5.8	 0.707	 1.3752	
MOTOR	B	 730	 0.0274	 2	 0.667	 6.4	 0.780	 1.4746	
MOTOR	C	 1900	 0.0105	 3	 1.000	 6.9	 0.841	 1.8520	
MOTOR	D	 2100	 0.0095	 2	 0.667	 5.4	 0.659	 1.3347	
MOTOR	E	 17110	 0.0012	 3	 1.000	 6.6	 0.805	 1.8060	
MOTOR	F	 1500	 0.0133	 3	 1.000	 7	 0.854	 1.8670	
FILTER	A	 1772	 0.0113	 3	 1.000	 6.4	 0.780	 1.7918	
FILTER	B	 256	 0.0781	 3	 1.000	 7	 0.854	 1.9318	
CUSTOM	A	 22	 0.9091	 2	 0.667	 7.7	 0.939	 2.5148	
CUSTOM	B	 440	 0.0455	 3	 1.000	 5.8	 0.707	 1.7528	
CUSTOM	C	 18020	 0.0011	 3	 1.000	 7.4	 0.902	 1.9035	
CUSTOM	D	 90	 0.2222	 2	 0.667	 7.2	 0.878	 1.7669	
CUSTOM	E	 972	 0.0206	 2	 0.667	 6	 0.732	 1.4190	
CUSTOM	F	 15210	 0.0013	 3	 1.000	 6.4	 0.780	 1.7818	
BOX	A	 75	 0.2667	 3	 1.000	 7.6	 0.927	 2.1935	
BOX	B	 20	 1.0000	 2	 0.667	 7.4	 0.902	 2.5691	
BOX	C	 23	 0.8696	 2	 0.667	 7	 0.854	 2.3899	
BOX	D	 720	 0.0278	 3	 1.000	 8.2	 1.000	 2.0278	





The	values	 corresponding	 to	 the	 selections	 that	 the	participants	made	were	used	 to	determine	
the	 appropriate	 SC	 values	 to	 input	 into	 the	 SCG	 equation.	 The	 results	 of	 this,	 the	 SCG	 of	 the	
designed	cookerhoods,	are	shown	in	Table	58;	the	higher	the	value	of	SCG	the	better.	
At	 this	 point	 it	 is	 important	 to	 note	 that	 the	 odour	 filter	 was	 not	 included	 in	 any	 of	 the	
calculations.	The	option	to	add	the	odour	filter	was	given	to	the	participants	to	capture	how	they	
would	 react	 to	being	given	 the	opportunity	 to	add	extra	 functionality	 to	 the	product	 they	were	
designing.	 Their	 reactions	 to	 this	 choice	 are	 addressed	 in	 the	 qualitative	 section	 of	 the	 study	
analysis.	
TABLE	58:	COOKERHOOD	SCG	SCORES	
COND.	 PART.	 SPOTLIGHT	 MOTOR	 GREASE	FILTER	 IMPELLER	 BLOWER	 PACKAGING	 SUPPLIERS	
A	
P001	 LIGHT	H	 MOTOR	F	 FILTER	A	 CUSTOM	A	 CUSTOM	D	 BOX	B	 2.0021	1.5033	 1.8670	 1.7918	 2.5148	 1.7669	 2.5691	
P002	 LIGHT	G	 MOTOR	F	 FILTER	A	 CUSTOM	A	 CUSTOM	D	 BOX	B	 2.0485	1.7816	 1.8670	 1.7918	 2.5148	 1.7669	 2.5691	
P003	 LIGHT	G	 MOTOR	D	 FILTER	A	 CUSTOM	A	 CUSTOM	D	 BOX	B	 1.9598	1.7816	 1.3347	 1.7918	 2.5148	 1.7669	 2.5691	
P004	 LIGHT	G	 MOTOR	F	 FILTER	A	 CUSTOM	A	 CUSTOM	A	 BOX	B	 2.1732	1.7816	 1.8670	 1.7918	 2.5148	 2.5148	 2.5691	
B	
P005	 LIGHT	B	 MOTOR	E	 FILTER	A	 CUSTOM	F	 CUSTOM	F	 BOX	E	 1.6316		1.2166	 1.8060	 1.7918	 1.7818	 1.7818	 1.4117	
P006	 LIGHT	G	 MOTOR	A	 FILTER	A	 CUSTOM	E	 CUSTOM	E	 BOX	A	 1.6633	1.7816	 1.3752	 1.7918	 1.4190	 1.4190	 2.1935	
P007	 LIGHT	B	 MOTOR	A	 FILTER	A	 CUSTOM	F	 CUSTOM	F	 BOX	B	 1.7527		1.2166	 1.3752	 1.7918	 1.7818	 1.7818	 2.5691	
P008	 LIGHT	B	 MOTOR	A	 FILTER	A	 CUSTOM	F	 CUSTOM	F	 BOX	E	 1.5598	1.2166	 1.3752	 1.7918	 1.7818	 1.7818	 1.4117	
C	
P009	 LIGHT	G	 MOTOR	C	 FILTER	A	 CUSTOM	A	 CUSTOM	D	 BOX	B	 2.0460		1.716	 1.8520	 1.7918	 2.5148	 1.7669	 2.5691	
P010	 LIGHT	H	 MOTOR	E	 FILTER	A	 CUSTOM	A	 CUSTOM	D	 BOX	B	 1.9920	1.5033	 1.8060	 1.7918	 2.5148	 1.7669	 2.5691	
P011	 LIGHT	H	 MOTOR	C	 FILTER	A	 CUSTOM	C	 CUSTOM	C	 BOX	B	 1.9205		1.5033	 1.8520	 1.7918	 1.9035	 1.9035	 2.5691	
P012	 LIGHT	G	 MOTOR	E	 FILTER	A	 CUSTOM	D	 CUSTOM	D	 BOX	B	 1.9137	1.7816	 1.8060	 1.7918	 1.7669	 1.7669	 2.5691	
D	
P013	 LIGHT	G	 MOTOR	E	 FILTER	A	 CUSTOM	A	 CUSTOM	A	 BOX	B	 2.1630		1.7816	 1.8060	 1.7918	 2.5148	 2.5148	 2.5691	
P014	 LIGHT	A	 MOTOR	A	 FILTER	A	 CUSTOM	F	 CUSTOM	F	 BOX	B	 1.8245		 1.3752	 1.7918	 1.7818	 1.7818	 2.5691	
P015	 LIGHT	G	 MOTOR	F	 FILTER	A	 CUSTOM	C	 CUSTOM	F	 BOX	B	 1.9491		1.7816	 1.8670	 1.7918	 1.9035	 1.7818	 2.5691	









COND.	 PART.	 	 SPOTLIGHT	 MOTOR	 GREASE	FILTER	 IMPELLER	 BLOWER	 PACKAGING	 TOTAL	COST	
A	
P001	
SELECTION	 OPTION	19	 OPTION	12	 OPTION	3	 OPTION	8	 OPTION	1	 OPTION	4	
£46.96		COST/ITEM	 	£9.21		 	£15.84		 	£3.20		 	£1.30		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P002	
SELECTION	 OPTION	18	 OPTION	12	 OPTION	5	 OPTION	1	 OPTION	4	 OPTION	2	
£47.14		COST	 	£7.50		 	£15.84		 	£4.40		 	£1.30		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P003	
SELECTION	 OPTION	18	 OPTION	8	 OPTION	5	 OPTION	1	 OPTION	4	 OPTION	2	
£41.50	COST	 	£7.50		 £10.20		 	£4.40		 	£1.30		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P004	
SELECTION	 OPTION	18	 OPTION	10	 OPTION	5	 OPTION	1	 OPTION	1	 OPTION	2	
£47.63	COST	 	£7.50		 £15.84		 	£4.40		 	£1.30		 	£1.69		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
B	
P005	
SELECTION	 OPTION	9	 OPTION	11	 OPTION	1	 OPTION	6	 OPTION	6	 OPTION	5	
£27.96	COST/ITEM	 	£1.34		 £14.40		 	£3.20		 	£0.40		 	£0.58		 	£0.30		
QUANTITY	 2	 1	 3	 1	 1	 1	
P006	
SELECTION	 OPTION	18	 OPTION	9	 OPTION	7	 OPTION	5	 OPTION	5	 OPTION	1	
£40.95	COST	 	£7.50		 £11.25		 	£4.40		 	£0.45		 	£0.40		 	£0.65		
QUANTITY	 2	 1	 3	 1	 1	 1	
P007	
SELECTION	 OPTION	9	 OPTION	9	 OPTION	3	 OPTION	6	 OPTION	6	 OPTION	5	
£25.11	COST	 	£1.34		 £11.25		 	£3.20		 	£0.40		 	£0.58		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P008	
SELECTION	 OPTION	9	 OPTION	9	 OPTION	1	 OPTION	1	 OPTION	1	 OPTION	5	
£33.94	COST	 	£1.34		 £11.25		 	£3.20		 	£0.40		 	£0.58		 	£0.30		
QUANTITY	 2	 1	 3	 1	 1	 1	
C	
P009	
SELECTION	 OPTION	18	 OPTION	10	 OPTION	3	 OPTION	1	 OPTION	4	 OPTION	2	
£39.83	COST	 £7.50		 £12.13		 	£3.20		 	£1.30		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P010	
SELECTION	 OPTION	19	 OPTION	7	 OPTION	3	 OPTION	1	 OPTION	4	 OPTION	2	
£40.64	COST	 	£9.21		 £10.12		 	£3.20		 	£1.30		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P011	
SELECTION	 OPTION	18	 OPTION	10	 OPTION	3	 OPTION	1	 OPTION	4	 OPTION	2	
£43.25	COST	 	£9.21		 £12.13		 	£3.20		 	£1.15		 	£1.35		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P012	
SELECTION	 OPTION	18	 OPTION	7	 OPTION	5	 OPTION	4	 OPTION	4	 OPTION	1	
£41.02	COST	 	£7.50		 £10.12		 	£4.40		 	£0.90		 	£1.20		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
D	
P013	
SELECTION	 OPTION	18	 OPTION	7	 OPTION	1	 OPTION	1	 OPTION	1	 OPTION	1	
£38.31	COST	 	£7.50		 £10.12		 	£3.20		 	£1.30		 	£1.69		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P014	
SELECTION	 OPTION	1	 OPTION	9	 OPTION	1	 OPTION	6	 OPTION	6	 OPTION	1	
£27.19	COST	 	£2.38		 £11.25		 	£3.20		 	£0.40		 	£0.58		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P015	
SELECTION	 OPTION	18	 OPTION	12	 OPTION	3	 OPTION	3	 OPTION	6	 OPTION	2	
£42.77	COST	 	£7.50		 £15.84		 	£3.20		 	£1.15		 	£0.58		 	£0.60		
QUANTITY	 2	 1	 3	 1	 1	 1	
P016	
SELECTION	 OPTION	17	 OPTION	7	 OPTION	3	 OPTION	1	 OPTION	1	 OPTION	2	
£36.07	COST	 	£6.38		 £10.12		 	£3.20		 	£1.30		 	£1.69		 	£0.60		





keep	 the	 cost	 down	 and	 have	 a	 green	 supply	 chain.	 Resultantly,	 it	 was	 a	 multi-objective	
optimization	 problem	 that	 had	 many	 solutions	 in	 the	 feasible	 region.	 Therefore,	 it	 could	 be	
described	 as	 a	 mathematical	 optimisation	 problem	 involving	 three	 objective	 functions	 to	 be	
optimised	 simultaneously.	 As	 a	 non-trivial	 multi-objective	 optimisation	 problem,	 there	 did	 not	






Generating	 a	 set	 of	 solutions	 to	 this	 multi-objective	 optimisation	 problem,	 allows	 for	 the	
computation	of	an	approximation	of	 the	entire	Pareto	 front.	However,	 the	Pareto	optimality	of	
the	 solutions	 cannot	 be	 guaranteed,	 meaning	 that	 it	 will	 only	 be	 known	 that	 none	 of	 the	
generated	 solutions	 dominates	 the	 others.	 By	 finding	 these	 non-dominated	 solutions,	 a	 list	 of	




To	 start	 off	 the	process	 of	 finding	 the	non-dominated	designs,	 it	was	necessary	 to	 generate	 all	
possible	designs	from	the	options	available.	This	was	achieved	in	excel	by	generating	a	 list	of	all	
the	 different	 component	 combinations	 possible	 based	 on	 the	 component	 options	 in	 the	 parts	




EQUATION	 [GHVG	E = 	@IGAN=>ℎAj	HGAGFjB=NA?Fj	CT@AGHj	CT@AGHj	IPCYP>=D>j		
EXAMPLE	
COMBINATIONS	




691	 200	 combinations	 were	 generated	 and	 to	 reduce	 this	 data	 component	 options	 that	 were	
dominated	were	eliminated	leaving	behind	those	that	potentially	could	be	combined	with	other	
non-dominated	ones	to	produce	non-dominated	designs.	This	means	that	all	the	components	that	
could	 be	 outdone	 in	 terms	 of	 cost,	 supplier	 greenness	 or	 environmental	 performance	 were	








OPTION	1	 2.1935	 £0.65	 OPTION	2	 Option	2	is	cheaper	and	has	better	supplier	greenness	
OPTION	2	 2.5691	 £0.60	 NONE	 Highest	supplier	greenness	score	
OPTION	3	 2.3899	 £0.66	 OPTION	2	 Option	2	is	cheaper	
OPTION	4	 2.0278	 £0.96	 OPTION	2	 Option	2	has	better	supplier	greenness	








LIGHTS	 MOTOR	 GREASE	FILTER	 IMPELLER	 BLOWER	 PACKAGING	
Spotlight	1	 Motor	1	 Filter	1	 Custom	1	 Custom	1	 Packaging	2	
Spotlight	4	 Motor	2	 Filter	5	 Custom	3	 Custom	3	 Packaging	5	
Spotlight	5	 Motor	3	 	 Custom	6	 Custom	6	 	
Spotlight	7	 Motor	4	 	 	 	 	
Spotlight	8	 Motor	5	 	 	 	 	
Spotlight	9	 Motor	7	 	 	 	 	
Spotlight	10	 Motor	9	 	 	 	 	
Spotlight	11	 Motor	10	 	 	 	 	
Spotlight	12	 Motor	11	 	 	 	 	
Spotlight	17	 Motor	12	 	 	 	 	
Spotlight	18	 	 	 	 	 	
	
Using	the	condensed	list	of	options	resulted	in	the	creation	of	3960	unique	cookerhood	designs.	




COMBINATION	 SELECTION	 PEP	 SCG	 	COST		
DESIGN	1	 Spotlight	1Motor	1Filter	1Custom	1Custom	1Packaging	2	 0.359	 2.069	 	£22.64		
DESIGN	2	 Spotlight	1Motor	1Filter	1Custom	1Custom	1Packaging	5	 0.359	 1.876	 	£22.34		
DESIGN	3	 Spotlight	1Motor	1Filter	1Custom	1Custom	3Packaging	2	 0.359	 1.967	 	£22.30		
DESIGN	4	 Spotlight	1Motor	1Filter	1Custom	1Custom	3Packaging	5	 0.359	 1.774	 	£22.00		
DESIGN	5	 Spotlight	1Motor	1Filter	1Custom	1Custom	6Packaging	2	 0.359	 1.947	 	£21.53		
DESIGN	6	 Spotlight	1Motor	1Filter	1Custom	1Custom	6Packaging	5	 0.359	 1.754	 	£21.23		
DESIGN	7	 Spotlight	1Motor	1Filter	1Custom	3Custom	1Packaging	2	 0.359	 1.967	 	£22.49		
DESIGN	8	 Spotlight	1Motor	1Filter	1Custom	3Custom	1Packaging	5	 0.359	 1.774	 	£22.19		
DESIGN	9	 Spotlight	1Motor	1Filter	1Custom	3Custom	3Packaging	2	 0.359	 1.865	 	£22.15		
	
By	formulating	it	as	a	multi	objective	non-linear	programming	problem,	code	was	written	to	solve	
the	 optimisation	 task.	 The	 written	 code	 can	 be	 found	 in	 Appendix	 6.10:	 Code	 for	 3-D	 Multi-
Objective	 .	 Using	 the	 cost,	 PEP	 and	 SCG	 data	 associated	 with	 the	 potentially	 non-dominated	
designs	as	variables,	 this	code	was	 run	 in	Matlab.	The	outcome	resulted	 in	a	 list	of	179	designs	














The	 first	 data	 set,	 shown	 in	 Table	 64,	 contains	 the	 values	 of	 PEP,	 SCG	 and	 Cost	 that	 were	
calculated	 for	 the	 StylishEco	 cookerhoods	 designed	 by	 the	 participants.	 In	 addition,	 it	 also	
includes	the	same	values	for	the	original	Stylish	cookerhood	and	one	of	the	Pareto	solutions	(the	








































































	 BASE	 0.339	 1.8098	 £18.80	




P001	 0.955	 2.0021	 £46.96	
P002	 1.000	 2.0485	 £47.14	
P003	 0.776	 1.9598	 £41.50	





P005	 0.876	 1.6316	 £27.96	
P006	 0.778	 1.6633	 £40.95	
P007	 0.665	 1.7527	 £25.11	






P009	 0.766	 2.0460	 £39.83	
P010	 0.731	 1.9920	 £40.64	
P011	 0.766	 1.9205	 £43.25	




P013	 0.753	 2.1630	 £38.31	
P014	 0.683	 1.8245	 £27.19	
P015	 0.965	 1.9491	 £42.77	





by	 the	 participants	 were	 to	 be	 compared	 to	 the	 designs	 in	 this	 dataset	 to	 see	 if	 any	 of	 the	
participants	 created	 designs	 that	 are	 non-dominated.	 The	 results	 of	 this	 comparison	 are	
presented	at	the	end	of	Section	6.7.4.			
TABLE	65:	SAMPLE	OF	PREPARED	DATASET	2	
COMBINATION	 SELECTION	 PEP	 SCG	 COST	
DESIGN	289	 Spotlight	1Motor	11Filter	1Custom	1Custom	1Packaging	2	 0.882	 2.141	 £32.37	
DESIGN	291	 Spotlight	1Motor	11Filter	1Custom	1Custom	3Packaging	2	 0.882	 2.039	 	£32.03		
DESIGN	293	 Spotlight	1Motor	11Filter	1Custom	1Custom	6Packaging	2	 0.882	 2.019	 	£31.26		
DESIGN	299	 Spotlight	1Motor	11Filter	1Custom	3Custom	6Packaging	2	 0.882	 1.917	 	£31.11		
DESIGN	305	 Spotlight	1Motor	11Filter	1Custom	6Custom	6Packaging	2	 0.882	 1.896	 	£30.36		
DESIGN	306	 Spotlight	1Motor	11Filter	1Custom	6Custom	6Packaging	5	 0.882	 1.703	 	£30.06		
DESIGN	307	 Spotlight	1Motor	11Filter	5Custom	1Custom	1Packaging	2	 0.905	 2.141	 	£35.97		
DESIGN	309	 Spotlight	1Motor	11Filter	5Custom	1Custom	3Packaging	2	 0.905	 2.039	 	£35.63		
DESIGN	311	 Spotlight	1Motor	11Filter	5Custom	1Custom	6Packaging	2	 0.905	 2.019	 	£34.86		













content	 analysis,	 a	 means	 of	 categorising	 verbal	 or	 behavioural	 data	 for	 the	 purposes	 of	








The	categorising	and	 indexing	of	 the	transcripts	 took	on	the	form	of	holistic	coding	and	pattern	
coding.	Making	up	the	first	coding	cycle,	holistic	coding	refers	a	method	that	applies	a	single	code	
to	a	 large	piece	unit	of	data	 in	the	corpus,	rather	than	line	by	 line	coding,	to	capture	a	sense	of	
the	overall	contents.	In	this	case	the	code	was	‘decision	process’	and	it	used	to	highlight	when	the	
participant	was	talking	through	how	they	decided	on	which	component	to	choose.	Pattern	codes,	
defined	 as	 explanatory	 or	 inferential	 codes	 that	 identify	 an	 emergent	 theme,	 configuration	 or	














































When	 they	 surmised	 that	 they	 had	 all	 the	 information	 they	 needed	 to	
make	an	 informed	choice	they	selected	what	they	thought	was	the	most	




informed	choice	 they	selected	what	 they	 thought	was	 the	most	efficient	
component	option	or	what	they	deemed	to	be	a	‘good	enough’	efficiency	
improvement,	 however	 when	 they	 surmised	 that	 they	 were	 not	 well	
informed	they	left	the	components	the	same	as	in	the	original.			
P004	
When	 they	 surmised	 that	had	all	 the	 information	 they	need	 to	make	an	
informed	choice	 they	selected	what	 they	 thought	was	 the	most	efficient	
component	option	or	what	 they	deemed	to	be	a	good	enough	efficiency	




When	 they	 surmised	 that	had	all	 the	 information	 they	need	 to	make	an	
informed	choice	 they	selected	what	 they	 thought	was	 the	most	efficient	
component	option	or	what	 they	deemed	to	be	a	good	enough	efficiency	


























When	 there	 was	 a	 clear	 environmental	 advantage	 to	 be	 gained,	 they	

















Mostly	 decided	 on	 the	 technical	 performance	 improvements	 that	 they	
wanted	and	 then	went	 for	 the	 cheapest	 component	option.	 For	 the	 low	





































supplier	 or	 they	 chose	 the	 suppliers	 that	 they	wanted	 and	 selected	 the	
best	performing	component	option	from	them.	
P011	 Decided	 on	 the	 performance	 that	 they	 wanted	 and	 then	 selected	 the	component	option	with	the	better	supplier.	



















P013	 Decided	 on	 the	 technical	 performance	 improvement	 that	 they	 wanted	and	tried	to	balance	out	the	cost	and	supplier	profile.	
P014	
Tried	 to	 go	 for	 the	 cheapest	 option	 wherever	 possible.	 For	 the	
components	 with	 high	 impacts	 they	 improved	 the	 performance	 but	 for	
the	low	impact	ones,	they	did	not.	
P015	







the	 best	 solution	 that	 way,	 in	 some	 cases	 aiming	 for	 the	 best	 technical	
performance.	Others	decided	on	performance	that	was	good	enough	and	
they	 tried	 to	get	 it	 as	 cheap	as	possible	–	 these	were	 the	ones	 that	had	
neglected	 the	 suppliers.	 This	 mainly	 happened	 for	 the	 high	 impact	
components,	 for	 the	 low	 impact	 ones	 they	 either	 kept	 the	 components	








the	whole	 redesign	process	were	 then	grouped	and	quantified	 in	Table	70.	This	 table	highlights	
how	 some	 of	 the	 participants	 in	 Condition	 B,	 although	 they	 did	 not	 have	 supplier	 information	
except	 supplier	named,	did	 take	 into	account	not	wanting	 to	 switch	 suppliers	due	 to	perceived	
supplier	 switching	 costs.	 Explaining	why	 ‘S’	 does	 appear	 in	 table	 74	 under	 condition	 B.	 Finally,	
Table	 71	 groups	 the	 decision	 factors	 by	 condition.	 The	matrix	 shows	 that	 those	 in	 Condition	A	
considered	the	least	number	of	factors	when	selecting	parts	
Although	 the	differences	between	conditions	were	not	 large,	 the	number	of	 factors	 considered	
increased	as	 the	conditions	moved	 from	B	to	D.	Participants	 in	Condition	B	based	most	of	 their	
decisions	on	performance	and	 cost	 factors	 and	 those	 in	Condition	C	 seemed	 to	have	neglected	
cost	in	favour	of	considering	performance	and	supplier	information.	The	group	that	appeared	to	






























P001	 P	 P	 P	 I	 I	 I	
P002	 P	 P	 P	 U	 U	 I	
P003	 P	 P	 P	 U	 U	 I	




P005	 P	C	 P	C	 P	C	 C	 C	 C	
P006	 P	 P	C	 P	 C	 C	 I	
P007	 P	C	S	 P	S	 P	 P	C	 P	C	 C	





P009	 P	C	S	 P	C	S	 U	 U	I	 U	I	 C	S	
P010	 P	S	 P	C	S	 U	 P	S	 P	C	S	 C	
P011	 P	S	 P	S	 U	 S	 S	 C	S	




P013	 P	S	 P	S	 P	 P	C	S	 P	C	S	 C	S	
P014	 P	C	 P	C	S	 P	C	 C	 C	 S	
P015	 P	C	S	 P	S	 P	 P	C	 C	 C	S	


























P001	 3	 -	 -	 -	 3	 6	
P002	 3	 -	 -	 2	 1	 6	
P003	 3	 -	 -	 2	 1	 6	





P005	 3	 6	 -	 -	 -	 9	
P006	 3	 3	 -	 -	 1	 7	
P007	 5	 4	 2	 -	 -	 11	






P009	 2	 1	 3	 3	 2	 11	
P010	 4	 3	 4	 1	 -	 12	
P011	 2	 1	 5	 1	 -	 9	




P013	 5	 3	 5	 -	 -	 13	
P014	 3	 5	 2	 -	 -	 10	
P015	 4	 3	 3	 -	 -	 10	














A	 14	 -	 -	 6	 4	 24	
B	 16	 4	 17	 1	 -	 38	
C	 11	 17	 5	 2	 5	 40	
D	 17	 13	 14	 -	 1	 45	
















































The	main	aim	of	 the	quantitative	analysis	was	to	critically	assess	 the	outputs	of	 the	component	
selection	exercise	and	was	carried	out	on	 the	dataset	 that	 comprised	of	 the	PEP,	SCG	and	Cost	
values	for	the	designs	created	by	the	participants.		
Descriptive	Statistics	







The	 same	 designs	 were	 also	 three	 of	 the	most	 expensive	 of	 all	 the	 designs;	 two	 of	 them	 also	
featured	in	the	list	of	highest	SCG.		










participants	who	mostly	 decided	on	 the	 performance	 they	 required	 and	went	 for	 the	 cheapest	
option.	 If	 there	are	connections	between	PEP	&	SCG	and	Cost	&	PEP,	 then	 it	could	be	said	 that	
they	appear	on	the	list	because	they	limited	the	PEP	of	their	products	due	to	cost	and	that	in	turn	







is	 likely	 that	 there	 is	a	connection	between	Cost	and	PEP.	None	of	 the	participants	managed	to	
appear	on	the	highest	PEP,	highest	SCG	and	lowest	Cost	lists	or	on	the	opposite,	the	lowest	PEP,	
lowest	 SCG	 and	 highest	 Cost	 lists.	 This	 shows	 that	 all	 the	 participants	were	 able	 to	 handle	 the	
trade-offs	to	improve	at	least	one	of	three	aspects.		
TABLE	73:	EXTREME	PEP,	SCG	AND	COST	VALUES	
	 RANKING	 CASE	NUMBER	 CONDITION	 VALUE	
PEP	
HIGHEST	
1	 2	 CONDITION	A	 1.000	
2	 15	 CONDITION	D	 0.965	
3	 1	 CONDITION	A	 0.955	
4	 5	 CONDITION	B	 0.876	
5	 4	 CONDITION	A	 0.801	
LOWEST	
1	 8	 CONDITION	B	 0.665	
2	 7	 CONDITION	B	 0.665	
3	 14	 CONDITION	D	(LIKE	CONDITION	B)	 0.683	
4	 16	 CONDITION	D	(LIKE	CONDITION	B)	 0.710	
5	 10	 CONDITION	C	 0.731	
SCG	
HIGHEST	
1	 4	 CONDITION	A	 2.173	
2	 13	 CONDITION	D	 2.163	
3	 16	 CONDITION	D	(LIKE	CONDITION	B)	 2.097	
4	 2	 CONDITION	A	 2.049	
5	 9	 CONDITION	C	 2.046	
LOWEST	
1	 8	 CONDITION	B	 1.560	
2	 5	 CONDITION	B	 1.632	
3	 6	 CONDITION	B	 1.663	
4	 7	 CONDITION	B	 1.753	
5	 14	 CONDITION	D	(LIKE	CONDITION	B)	 1.825	
COST	
HIGHEST	
1	 4	 CONDITION	A	 £47.63	
2	 2	 CONDITION	A	 £47.14	
3	 1	 CONDITION	A	 £46.96	
4	 11	 CONDITION	C	 £43.25	
5	 15	 CONDITION	D	 £42.77	
LOWEST	
1	 7	 CONDITION	B	 £25.11	
2	 14	 CONDITION	D	(LIKE	CONDITION	B)	 £27.19	
3	 5	 CONDITION	B	 £27.96	
4	 8	 CONDITION	B	 £33.94	






Figure	49	 is	a	 scatter	plot	 that	 shows	PEP	vs.	Cost,	 the	plot	 suggests	a	 correlation	between	 the	
two	where	 the	participants	 increase	 the	cost	as	 they	 increase	 the	PEP	scores	of	 their	 solutions.	
When	 categorised	 by	 Condition,	 those	 in	 A	 generally	 have	 higher	 costs	 and	 PEP;	 these	 are	 the	
participants	 that	 only	 had	 performance	 information	 to	 go	 by.	 Condition	 B	 participants	 mainly	
occupy	the	bottom	end	of	the	plot	with	relatively	low	PEP	and	low	cost.	Condition	C,	those	with	





When	Cost	 is	 plotted	 against	 SCG	as	 shown	 in	 Figure	 50,	 the	plot	 suggests	 a	weak	 relationship	
with	the	cost	of	the	participants’	solutions	going	up	as	the	associated	SCG	goes	up.	The	plot	shows	
that	there	is	a	considerable	gap	between	the	SCG	of	the	designs	in	Condition	B	compared	to	the	
other	conditions,	with	 those	 in	Condition	B	having	worse	off	SCG	scores.	With	 the	exception	of	
one	Condition	D	result	(Participant	14),	where	the	participant	only	requested	Cost	data	and	was	
therefore	 effectively	 in	 Condition	B,	 all	 the	 other	 results	 occupy	 the	 top	 right	 corner	with	 high	




suggests	a	weak	relationship	between	SCG	and	PEP.	Looking	at	 the	graph,	 it	 is	difficult	 to	make	














calculated	 by	 dividing	 the	 PEP	 by	 the	 cost,	 it	 shows	 you	 how	 much	 you	 are	 paying	 for	 the	






	 BASE	 OPTIMAL			 CONDITION	A	 CONDITION	B	 CONDITION	C	 CONDITION	D	 ALL	COND	
PEP	 0.339	 1.000	 0.883	 0.746	 0.760	 0.778	 0.791	
SCG	 1.810	 2.173	 2.046	 1.652	 1.968	 2.008	 1.912	
COST	 £18.80	 £47.63	 £45.81	 £31.99	 £41.19	 £36.09	 £38.77	
COST	PER	%	PEP	 	£0.55		 	£0.48		 	£0.52		 	£0.43		 	£0.54		 	£0.46		 £0.49	





ST		 2ND		 3RD		 4TH		 5TH		 6TH		
PEP	 OPTIMAL	 CONDITION	A	 CONDITION	D	 CONDITION	C	 CONDITION	B	 BASE	
SCG	 OPTIMAL	 CONDITION	A		 CONDITION	D	 CONDITION	C	 BASE	 CONDITION	B	
COST	 BASE	 CONDITION	B	 CONDITION	D	 CONDITION	C	 CONDITION	A	 OPTIMAL	
COST	PER	%	PEP	 CONDITION	B	 CONDITION	D	 OPTIMAL	 CONDITION	A	 CONDITION	C	 BASE		




be	 a	 mix	 between	 Conditions	 B	 and	 C	 ranked	 higher	 than	 both	 those	 conditions;	 Condition	 C	
scored	higher	 than	Condition	B.	 The	Optimal	 design	 came	out	 on	 top	 again	 for	 the	 SCG	with	 a	
score	 of	 72%,	 followed	 by	 Condition	 A	 at	 68%.	 Once	 again,	 Condition	 D	 was	 the	 second	 best	
performing	condition	at	67%.	Condition	C	came	 in	third	and	Condition	B	was	 last	with	values	of	
66%	and	55%	respectively.	The	differences	between	Conditions	A,	C	and	D	are	only	1%	each	but	




top	 paying	 only	 £0.43	 per	%	 PEP,	 followed	 by	 Condition	D	 at	 £0.46	 and	 the	Optimal	 design	 at	
£0.48.	This	shows	that	it	is	those	with	cost	and	performance	information	that	were	able	to	get	the	
most	PEP	 for	 their	money.	Condition	D	being	 in	 second	place	can	be	explained	by	 the	 fact	 that	
half	of	its	participants	were	under	conditions	similar	to	Condition	B.	Although	it	was	the	cheapest	
product	overall,	the	Base	design	proved	to	be	the	most	expensive	 in	terms	of	cost	per	%	PEP	at	
£0.55.	 Condition	 A,	 where	 they	 only	 had	 performance	 information	 came	 in	 at	 £0.52	 and	 took	
fourth	place.	Due	 to	 the	performance	 focus	of	 the	manner	 in	which	 the	participants	undertook	







To	 get	 a	 better	 idea	 of	 how	 the	 designs	 compared	 to	 each,	 the	 standard	 deviations	 for	 the	
conditions	 were	 calculated	 and	 ranked;	 the	 results	 are	 shown	 in	 Figure	 52	 and	 Figure	 53	
respectively.	 	 One	 thing	 that	 is	 clear	 is	 that	 those	 in	 Condition	 C	 created	 the	most	 consistent	
designs	in	terms	of	Cost,	PEP	and	SCG.	On	the	other	hand,	the	participants	in	Condition	B	-	despite	
having	 the	 same	 information,	 unlike	 those	 in	 Condition	D	 -	 produced	design	 solutions	with	 the	
most	varied	Cost	values	at	£7.02.	Due	to	the	way	those	in	Condition	D	undertook	the	exercise,	it	is	
unsurprising	 that	 there	 is	 such	disparity	 in	 Cost	 of	 solutions.	While	 not	 as	 grouped	 together	 as	
those	for	Condition	C,	results	for	Condition	A	seem	to	be	reasonably	grouped.		
	 140	
STANDARD	DEVIATION	 CONDITION	A	 CONDITION	B	 CONDITION	C	 CONDITION	D	
PEP	 0.11	 0.10	 0.02	 0.12	
SCG	 0.09	 0.08	 0.06	 0.15	
COST	 £2.89	 £7.02	 £1.46	 £6.55	
FIGURE	52:	STANDARD	DEVIATION	OF	CATEGORISED	BY	CONDITION	
STANDARD	DEVIATION	 1	 2	 3	 4	
PEP	 CONDITION	C	 CONDITION	B	 CONDITION	A	 CONDITION	D	
SCG	 CONDITION	C	 CONDITION	B	 CONDITION	A	 CONDITION	D	
COST	 CONDITION	C	 CONDITION	A	 CONDITION	D	 CONDITION	B	
FIGURE	53:	CONDITION	RANKING	OF	STANDARD	DEVIATION	






























When	 undertaking	 hypothesis	 testing,	 the	 working	 hypotheses	 must	 be	 expressed	 as	 null	 and	
alternative	hypotheses;	these	are	statements	regarding	the	differences	or	effects	that	occur	in	the	







































































































































































normality,	 graphically	 and	 numerically.	 Numerical	 methods	 rely	 on	 statistical	 tests	 and	 take	
advantage	 of	 making	 an	 objective	 judgement	 of	 normality,	 however	 they	 are	 sometimes	
disadvantaged	by	not	being	sensitive	enough	at	 low	sample	sizes,	such	as	the	one	 in	this	study.	
Graphic	 methods	 rely	 on	 visual	 inspections;	 graphical	 interpretations	 have	 the	 advantage	 of	
allowing	good	judgement	to	assess	normality	in	situations	when	numerical	tests	might	be	over	or	








	 STATISTIC	 P	 NORMAL	
PEP	 0.885	 0.047	 NO	
SCG	 0.939	 0.343	 YES	
COST	 0.905	 0.096	 YES	
	
Normal	Q-Q	Plots	
In	order	 to	determine	normality	 graphically,	 the	outputs	of	normal	Q-Q	Plots	were	used.	 If	 the	
data	are	normally	distributed,	the	data	points	will	be	close	to	the	diagonal	line.	If	the	data	points	
stray	 from	the	 line	 in	an	obvious	non-linear	 fashion,	 the	data	are	not	normally	distributed.	The	
normal	Q-Q	plots	 represented	 in	 Figure	 54,	 Figure	 55	 and	 Figure	 56	 show	 that	 data	 points	 are	























	 STATISTIC	 STAND.	ERROR	 Z	 NORMAL	
PEP	
MEAN	 0.792	 0.026	 	 	
SKEWNESS	 0.859	 0.564	 1.523	 YES	
KURTOSIS	 -0.198	 1.091	 -0.181	 YES	
SCG	
MEAN	 1.919	 0.046	 	 	
SKEWNESS	 -0.591	 0.564	 -1.048	 YES	
KURTOSIS	 -0.537	 1.091	 -0.492	 YES	
COST	
MEAN	 £38.77	 £1.76	 	 	
SKEWNESS	 -0.757	 0.564	 -1.342	 YES	
KURTOSIS	 -0.315	 1.091	 -0.289	 YES	
	
Testing	for	Outliers	







	 PEP	 SCG	 COST	
LOWER	QUARTILE	(Q1)	 0.715	 1.771	 £34.47	
UPPER	QUARTILE	(Q3)	 0.857	 2.048	 £43.13	
INTER-QUARTILE	RANGE	=	Q3-Q1	 0.142	 0.277	 £8.66	
g	 2.2	
g'	=	(Q3-Q1)g	 0.3124	 0.610	 £19.05	
UPPER	LIMIT	=		(Q3	+g’)	 1.170	 2.658	 £62.18	
LOWER	LIMIT	=	(Q1-g’)	 0.403	 1.161	 £15.43	





































The	 first	 three	 hypotheses	 to	 be	 tested	were	 those	 centred	 on	 finding	 degree	 of	 relationships	
between	the	pairs	of	variables	specified	in	Table	82.		
TABLE	82:	DEGREE	OF	RELATIONSHIPS	VARIABLES	
















The	 Pearson	 product-moment	 correlation	 was	 used	 to	 measure	 the	 strength	 and	 direction	 of	
association	between	the	variables	of	interest.	It	is	important	to	note	that	it	can	only	establish	the	




be	 analysed	 can	 actually	 be	 analysed	 using	 Pearson’s	 correlation.	 This	 is	 because	 it	 is	 only	











Table	 83	 shows	 the	 results	 that	 were	 produced	 after	 running	 a	 2-tailed	 Pearson’s	 product	
correlation	coefficient	test.	The	outputs	of	the	analysis	show	that	the	significance	 level	 is	below	
the	 cut	 off	 value	 of	 0.05	 that	 was	 set	 for	 α	 for	 HA	 and	 HB,	 therefore	 the	 null	 hypotheses	 are	
rejected	and	the	alternative	hypotheses	accepted.	The	significance	level	for	HC	is	above	the	cut	off	






PAIR	1	 PEP	&	COST	 16	 0.58	 0.018	
PAIR	2	 COST	&	SCG	 16	 0.591	 0.016	
PAIR	3	 SCG	&	PEP	 16	 0.246	 0.358	
	
TABLE	84:	IMPLICATIONS	OF	PEARSON’S	PRODUCT	CORRELATION	COEFFICIENT	TEST	RESULTS	
































and	 to	 explore	 the	 nature	 of	 their	 relationship;	 the	 details	 of	 the	 variables	 within	 those	
hypotheses	are	in	Table	85.	
TABLE	85:	GROUP	DIFFERENCES	VARIABLES	































































	 LEVENE	STATISTIC	 df1	 df2	 P	
PEP	 3.386	 3	 12	 0.054	
SCG	 1.924	 3	 12	 0.18	















		 SUM	OF	SQUARES	 df	 MEAN	SQUARE	 f	 SIG.	
PEP	
BETWEEN	GROUPS	 0.047	 3	 0.016	 1.572	 0.248	
WITHIN	GROUPS	 0.119	 12	 0.01	 	 	
TOTAL	 0.165	 15	 	 	 	
SCG	
BETWEEN	GROUPS	 0.392	 3	 0.131	 12.456	 0.001	
WITHIN	GROUPS	 0.126	 12	 0.01	 	 	
TOTAL	 0.517	 15	 	 	 	
COST	
BETWEEN	GROUPS	 434.145	 3	 144.715	 5.641	 0.012	
WITHIN	GROUPS	 307.825	 12	 25.652	 	 	














































Assumption	 #2:	 Independent	 variable	 consists	 of	 two	or	more	 categorical,	 independent	
groups.		
Assumption	 #3:	 There	 is	 independence	 of	 observations,	 which	 means	 that	 there	 is	 no	
relationship	between	the	observations	in	each	group	or	between	the	groups	themselves.	
Assumption	#4:	There	are	no	significant	outliers.		





The	 results	 of	 the	 independent	 sample	 t-tests	 showed	 that	 those	 who	 knew	 the	 cost	 of	 parts	
produced	products	that	had	statistically	significantly	lower	overall	cost	(£36.42	±	£6.41)	compared	
to	those	that	did	not	have	any	cost	information	(£45.81	±	£2.89),	t(14)	=	-2.784,	p	=	0.015.	They	
also	 showed	 that	 those	 who	 knew	 the	 cost	 of	 parts	 produced	 products	 that	 had	 statistically	
significantly	 lower	PEP	 (0.76	±	0.09)	 compared	 to	 those	 that	did	not	have	any	 cost	 information	













































to	 effectively	 optimise	 the	 objectives	 that	were	 embedded	within	 the	 exercises.	 However,	 two	
designs	 appeared	 on	 the	 condensed	 list	 of	 options	 (179	 designs)	 that	 were	 deemed	 to	 be	
potentially	optimal	before	the	multi	objective	optimisation	was	computed	in	Matlab.	These	were	


















































































In	 the	 following	 section,	 comments	 are	 made	 on	 the	 results	 of	 the	 eco-component	 selection	
exercises.	Triangulation	brings	together	the	qualitative	and	quantitative	results	and	explores	how	
they	 relate	 to	 each	 other;	 through	 inferences	 the	 results	 are	 explained	 in	 terms	 of	 what	 they	
mean	and	by	discussing	their	implications,	the	results	are	interpreted	in	a	wider	context.		
6.8.1 TRIANGULATION	
After	 the	 qualitative	 and	 quantitative	 data	 analysis	 was	 carried	 out,	 through	 triangulation	 (see	
section	 4.4).	Data	 triangulation	was	 carried	out	 as	 the	quantitative	 and	qualitative	 parts	 of	 the	
component	selection	exercises	were	brought	together.	Some	of	the	outputs	were	collated	and	are	
presented	 here	 in	 the	 form	 of	 vignettes	 which	 detail	 each	 participant’s	 experience	 with	 the	
exercises	and	the	results	they	got.		
Participants’	and	Condition	Process	Vignettes	
The	 vignettes	 presented	 here	 were	 created	 as	 a	 way	 of	 capturing,	 with	 added	 meaning	 and	
contextual	 richness,	 the	 process	 that	 the	 participants	 went	 through	 when	 undertaking	 the	
component	selection	exercises.	They	aim	to	capture	the	mind-set	of	the	participants	and	to	also	
combine	 that	 process	 with	 its	 quantitative	 outputs.	 Condition	 vignettes	 are	 also	 presented,	
through	them	the	implications	of	the	processes	that	the	participants	adopted	are	discussed.	The	








highest	 environmental	 impact	 in	 the	 use	 phase.	 Resultantly,	 for	 the	 StylishEco	 they	wanted	 to	
replace	 the	 standard	 life	 dichroic	 halogen	 spotlights	 with	 a	 very	 efficient	 alternative.	 With	
particular	 focus	 on	 improving	 rated	 life	 and	 energy	 rating,	 they	 ultimately	 settled	 on	 LED	
spotlights	that	have	a	rated	life	of	25k	hours	and	an	A	energy	rating.	In	their	opinion	this	was	the	
best	possible	option	as	there	was	a	significant	improvement	in	energy	rating	(from	F	to	A)	and	the	




the	 exercise	 carried	 on	 it	 became	 clear	 that	 P001	 assumed	 that	 the	 products	 with	 better	












you	 can	 select	 X,	 which	 increased	 the	 product	 cost	 but	 vastly	 improves	 its	 environmental	
performance.	
After	 referring	back	 to	 the	 LCA	 report	 and	noting	 that	 the	 grease	 filter	has	high	 impacts	 in	 the	
manufacturing	phase,	when	faced	with	replacement	options	P001	considered	the	environmental	
impacts	of	the	materials	that	the	filters	were	made	from.	They	alluded	to	aluminium	being	more	
recyclable	 but	 ultimately	 decided	 that	 they	 could	 not	 really	 discern	 any	major	 differences	 that	
would	 impact	 the	 environmental	 performance	 between	 the	 choices	 given.	 Resultantly,	 they	
decided	 to	 carry	 over	 the	 20mm	 thick	 stainless	 steel-aluminium	 grease	 filter	 that	 was	 in	 the	
Stylish	into	the	StylishEco;	they	also	remarked	that	this	choice	was	advantageous	as	it	meant	they	
would	not	need	to	switch	to	a	different	supplier.	While	P001	seemed	somewhat	confident	in	their	
choice,	 it	 is	 important	 to	 note	 that	 they	 overlooked	 a	 couple	 of	 things	 and	 made	 certain	
assumptions	 that	 might	 not	 have	 been	 correct.	 Initially,	 they	 did	 not	 notice	 the	 differences	
between	 the	 grease	 filter	 options	 and	 how	 those	would	 relate	 to	 improvements	 in	 the	 overall	





way	 of	 differentiating	 the	 StylishEco	 from	 the	 Stylish	 in	 terms	 of	 functionality.	 	 For	 the	
cookerhood,	they	chose	the	thinnest	available	long	life	carbon	filter;	this	represented	the	option	
with	the	best	environmental	profile.		
Looking	 at	 the	 blower,	 impeller	 and	 packaging	 options,	 they	 decided	 that	 they	 did	 not	 have	
enough	 information	 to	make	any	decisions	 and	as	 a	 result	 stuck	 to	 the	options	being	 currently	
used.	While	 this	 is	 true	 for	 the	packaging,	 they	 could	have	 considered	 the	merits	of	having	 the	
blower	 and	 impeller	 made	 from	 steel	 vs.	 polypropylene.	 The	 designed	 cookerhood	 had	 a	 PEP	
score	of	0.955;	 this	 represents	 the	 third	highest	 score	amongst	all	 the	participants	and	 is	0.164	
above	the	group	average.	With	the	average	cost	for	the	group	coming	in	at	£38.77,	P001’s	total	
cost	 of	 £46.93	 was	 the	 third	 highest.	 However,	 this	 translated	 to	 £0.49	 per	 %	 PEP,	 which	 is	
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identical	 to	 the	 average	 that	 the	 group	 paid	 as	 a	 whole.	 For	 the	 environmental	 cost	 that	 this	
participant	got,	they	did	not	pay	more	than	average	when	compared	to	the	rest	of	the	group.	The	
supply	 chain	 associated	 with	 their	 product	 was	 comprised	 of	 6	 different	 suppliers	 and	 had	




	 P001	 COND.	AVERAGE	 	
ALL	COND.	
AVERAGE	 	
PRODUCT	ENVIRONMENTAL	PERFORMANCE	(PEP)	 0.955	 0.883	 BETTER	 0.792	 BETTER	
PRODUCT	COST	(COST)	 £46.96	 £45.81	 WORSE	 £38.77	 WORSE	
HOW	MUCH	EACH	%	OF	PEP	COST	(COST	PER	%	
PEP)	 £0.49	 £0.52	 BETTER	 £0.49	 SAME	
SUPPLY	CHAIN	GREENNESS	(SCG)	 2.002	 2.046	 WORSE	 1.919	 BETTER	
COMPARISON	TO	BEST	POSSIBLE	SUPPLY	CHAIN	








with	 the	 best	 environmental	 profile,	 having	 that	 constraint	 would	 make	 decision-making,	
compromise	and	justification	easier.		
To	 summarise	 P001’s	 decision	 making	 throughout	 the	 exercise,	 when	 they	 were	 satisfied	 that	
they	had	 the	 information	and	understanding	 they	 required	 to	make	an	 informed	decision,	 they	
selected	 the	options	 that	 they	 felt	offered	 the	best	performance;	however,	when	they	 felt	 they	
were	not	well	 informed	they	carried	over	the	options	from	the	Stylish	cookerhood.	All	 in	all,	six	




the	 cookerhood.	This	 could	mean	 that	 they	blindly	decided	 to	 change	 the	parts	purely	because	
they	 could	 and	 did	 not	 consider	 the	 impacts	 that	 the	 different	 parts	 had;	 however,	 it	 is	 also	
equally	 possible	 that	 though	 the	 initial	 run	 though	 of	 the	 problem,	 they	mentally	 retained	 the	
information	regarding	impacts	and	knew	that	they	had	to	make	improvements.		
Upon	 completion	 of	 the	 exercise,	 P002	 remarked	 that	 not	 knowing	 anything	 beyond	 the	
performance	 of	 the	 parts	 and	 not	 having	 more	 stringent	 specifications	 regarding	 what	 was	
acceptable	and	what	wasn’t	made	making	decisions	harder.	The	exercise	was	designed	such	that	
a	 lot	 is	 left	 to	 the	 participant	 to	 decide	 e.g.	 there	 were	 no	 specifications	 as	 to	 how	 the	 new	
product	had	to	perform	environmentally	beyond	being	better	than	the	last	one,	how	much	it	was	
better	by	was	 left	 to	 the	participant’s	discretion.	 It	 is	 this	 that	 seemed	 to	make	 the	participant	
uncomfortable	and	 less	 sure	about	 the	decisions	 they	were	making.	They	also	commented	 that	
more	 information	 would	 have	 eased	 their	 discomfort,	 such	 as	 cost	 and	 manufacturing	
information.	In	the	end,	they	acknowledged	that	ENPD	is	about	more	than	just	the	product	that	
you	 are	 designing	 so	 you	 need	 a	 vast	 amount	 of	 information	 to	 ensure	 you	 make	 informed	
decisions.		
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	 P002	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 1.00	 0.883	 BETTER	 0.792	 BETTER	
COST	 £47.14	 £45.81	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.47	 £0.52	 BETTER	 £0.49	 BETTER	
SCG	 2.049	 2.046	 BETTER	 1.919	 BETTER	
RELATIVE	SCG	 68%	 68%	 SAME	 64%	 BETTER	
	
P003	(Condition	A)	
During	 the	exercise	P003	 seemed	 to	adopt	a	 view	 that	extended	beyond	 the	product	 that	 they	
were	designing,	they	were	very	conscious	of	the	how	the	product	they	were	designing	would	be	




the	 end	 users	 by	 highlighting	 how	 much	 lower	 the	 running	 costs	 of	 the	 StylishEco	 would	 be	
compared	to	the	Stylish.		
Upon	 completion	 of	 the	 exercise,	 along	 with	 market	 needs	 information,	 P003	mentioned	 that	
they	felt	they	also	needed	information	regarding	how	much	the	various	options	cost	to	help	them	
make	more	 informed	decisions.	The	 impact	of	not	having	the	cost	 information	manifested	 itself	
though	P003	assuming	that	all	 the	options	with	better	environmental	profiles	would	cost	more;	
while	 this	 is	 usually	 the	 truth	 it	 is	 not	 always	 the	 case.	 For	 example	 various	 grease	 filters	 have	
similar	costs	but	environmentally	some	are	better	 than	others	and	 it	 is	a	case	of	understanding	
what	makes	some	better	than	others.		






	 P003	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.776	 0.883	 WORSE	 0.792	 WORSE	
COST	 £41.50	 £45.81	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.52	 WORSE	 £0.49	 WORSE	
SCG	 1.960	 2.046	 WORSE	 1.919	 BETTER	






with	 the	 potential	 to	 include	 massive	 costs	 so	 they	 decided	 to	 go	 for	 a	 reasonable	 increase	





Reflecting	 upon	how	P004	 conducted	 the	 exercise,	 they	 seemed	 to	 recognise	 the	 benefits	 that	
material	homogeneity	would	have	in	when	dealing	with	end-of-life	issues	such	as	disassembly	for	
recycling.	The	strategy	they	adopted	can	be	said	to	be	one	where	they	selected	the	option	with	
the	 best	 performance,	 or	 performance	 they	 deemed	 ‘good	 enough’,	 when	 they	 felt	 they	 had	




	 P004	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.801	 0.883	 WORSE	 0.792	 BETTER	
COST	 £47.63	 £45.81	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.59	 £0.52	 WORSE	 £0.49	 WORSE	
SCG	 2.1732	 2.046	 BETTER	 1.919	 BETTER	





catalogue	 that	 contained	 parts;	 all	 the	 parts	 in	 the	 catalogue	 would	 work	 well	 in	 the	 new	







to	 truly	 compare	and	quantify	 the	benefits	of	one	option	vs.	 another.	 Some	of	 the	participants	
also	made	comments	about	how	they	would	have	liked	to	have	more	information	regarding	the	











strategy	 where	 they	 would	 go	 for	 the	 option	 that	 they	 deemed	 to	 have	 a	 ‘good	 enough’	
performance	 improvement	when	 they	 felt	 that	 improving	 the	 product	 further	would	 have	 had	




informed	 choice	 they	went	 for	what	 they	 thought	had	 the	best	 technical	 performance	or	what	
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they	 deemed	 to	 be	 a	 ‘good	 enough’	 technical	 performance	 improvement.	When	 they	 felt	 they	
were	not	well-informed	they	kept	choices	the	same	as	the	predecessor.		















PRODUCT	ENVIRONMENTAL	PERFORMANCE	(PEP)	 0.883	 0.791	 BETTER	
SUPPLY	CHAIN	GREENNESS	(SCG)	 2.046	 1.912	 BETTER	
PRODUCT	COST	(COST)	 £45.81	 £38.77	 WORSE	
HOW	MUCH	EACH	%	OF	PEP	COST	(COST	PER	%	PEP)	 £0.52	 £0.49	 WORSE	




report	 and	 used	 it	 to	 inform	 the	 decisions	 that	 they	 made.	 These	 decisions	 did	 not	 however	
always	 result	 in	 being	 environmentally	 beneficial.	 This	 is	 to	 say	 they	 did	 not	 always	 make	
decisions	to	improve	the	environmental	performance	of	the	product,	rather,	 in	some	cases	they	
made	choices	based	solely	on	cost.		
When	 reflecting	 on	 the	 exercise,	 they	 remarked	 that	 while	 they	 used	 cost	 as	 a	 tie	 breaker	 in	
making	decisions	but	to	truly	make	environmentally	conscious	decisions	they	would	have	liked	to	
have	more	 information	on	 the	 suppliers,	 transport,	 locations	and	manufacturing	 relating	 to	 the	
different	 products	 on	 offer.	 They	 also	 commented	 on	 how	 having	 the	 cost	 information	 made	
them	more	conscious	of	keeping	costs	down	especially	when	they	did	not	know	the	value	of	the	




with	 the	highest	 environmental	 impacts	 they	 decided	on	performance	 improvements	 that	 they	








	 P005	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.876	 0.746	 BETTER	 0.792	 BETTER	
COST	 £27.96	 £31.99	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.32	 £0.43	 BETTER	 £0.49	 BETTER	
SCG	 1.6316	 1.652	 WORSE	 1.919	 WORSE	










When	 tackling	 the	 exercise,	where	 there	was	 a	 clear	 environmental	 improvement	 to	 be	made,	
P006	made	sure	they	made	an	improvement;	the	choice	was	a	balance	between	performance	and	





	 P006	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.778	 0.746	 BETTER	 0.792	 WORSE	
COST	 £40.95	 £31.99	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.43	 WORSE	 £0.49	 WORSE	
SCG	 1.6633	 1.652	 BETTER	 1.919	 WORSE	
RELATIVE	SCG	 55%	 55%	 SAME	 64%	 WORSE	
	
P007	(Condition	B)	
Although	 they	 did	 adopt	 the	 ‘same-supplier-first’	 approach,	 throughout	 most	 of	 the	 design	
process	P007	kept	referring	back	to	the	LCA	report,	which	means	they	had	a	firm	understanding	
on	the	impacts	that	various	components	had	throughout	the	life	of	the	Stylish	cookerhood.		




Looking	 at	 how	 P007	 undertook	 this	 exercise,	 the	 same-supplier	 preference	 is	 evident.	 When	
faced	 with	 making	 decisions	 on	 parts	 that	 had	 substantial	 environmental	 implications,	 they	







	 P007	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.665	 0.746	 WORSE	 0.792	 BETTER	
COST	 £25.11	 £31.99	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.38	 £0.43	 BETTER	 £0.49	 BETTER	
SCG	 1.7527	 1.652	 BETTER	 1.919	 WORSE	
RELATIVE	SCG	 58%	 55%	 BETTER	 64%	 WORSE	
	
P008	(Condition	B)	
Throughout	 the	 design	 process,	 P008	 seemed	 to	 put	 a	 lot	 of	 emphasis	 on	 keeping	 suppliers	
constant.	After	 the	exercise	was	 completed,	 they	 commented	 that	 they	would	have	 liked	more	
information	on	 the	 suppliers	 to	 know	what	 their	 environmental	profiles	were	 like	because	 that	
would	also	have	an	 impact	on	whether	 they	 insisted	on	 staying	with	 them	or	not.	Additionally,	
they	expressed	a	wish	 to	have	had	 information	 relating	 to	 the	 locations	of	 the	 suppliers.	While	
they	expressly	stated	that	cost	was	 important	but	didn’t	want	 to	 fall	 into	the	trap	on	being	too	
blinded	by	it,	they	seemed	to	fall	back	on	it	repeatedly.		
When	 undertaking	 the	 exercise,	 P008	 seemed	 to	 decide	 on	 what	 they	 classed	 as	 a	 good	
performance	 improvement	and	sought	the	cheapest	way	to	 implement	that	 improvement.	They	




	 P008	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.665	 0.746	 WORSE	 0.792	 WORSE	
COST	 £33.94	 £31.99	 WORSE	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.51	 £0.43	 WORSE	 £0.49	 WORSE	
SCG	 1.5598	 1.652	 WORSE	 1.919	 WORSE	
RELATIVE	SCG	 52%	 55%	 WORSE	 64%	 WORSE	
	
Condition	B:	Performance	and	Cost	Information	
When	 given	 the	 challenge	 of	 designing	 the	 StylishEco,	 based	 on	 the	 Stylish	 cookerhood,	
participants	in	Condition	B	were	also	given	a	parts	catalogue	that	contained	cost	and	performance	
information	of	the	parts	that	they	could	select	from.	They	all	remarked	that	that	they	would	have	
like	more	 information,	 in	 particular	 information	 relating	 to	 the	 suppliers	 of	 the	products	 in	 the	
catalogue.	 They	 remarked	 that	 it	 is	 this	 information	 that	 would	 allow	 them	 to	 make	 better	
environmental	 decisions.	 Regardless	 of	 the	 lack	 of	 information	 relating	 to	 the	 suppliers,	 the	





As	 a	 group,	 they	 seemed	 to	 put	 the	 LCA	 report	 and	 other	 pieces	 of	 supporting	 information	 to	
good	use.	 They	 seemed	 to	 take	 a	 logical	 approach	 to	 the	design	process	 as	 they	 looked	 at	 the	





While	 they	 put	 the	 cost	 information	 that	 they	 had	 to	 good	 use	 and	 used	 it	 to	 influence	 the	
decisions	that	they	made,	they	also	seemed	to	find	it	harder	to	make	those	decisions,	as	they	had	
no	concrete	concept	of	how	much	an	increase	in	cost	was	worth	it	environmentally.	This	is	where	
they	 felt	 having	 more	 information	 would	 help	 them.	 There	 were	 also	 comments	 made	 that	
alluded	 to	 the	 participants	 making	 the	 assumption	 that	 the	 cheaper	 parts	 were	 less	
environmentally	friendly	and	located	further	away.		
As	a	group	 they	mostly	decided	on	 the	 improvements	 that	 they	wanted	and	 then	went	 for	 the	
cheapest	 option.	 For	 the	 low-impact	 components,	 they	 all	 disregarded	 any	 environmental	
benefits.	They	instead	decided	based	on	cost	savings	or	on	sticking	with	the	same	supplier.		












	 CONDITION	B	 ALL	COND	 	
PRODUCT	ENVIRONMENTAL	PERFORMANCE	(PEP)	 0.746	 0.791	 WORSE	
SUPPLY	CHAIN	GREENNESS	(SCG)	 1.652	 1.912	 WORSE	
PRODUCT	COST	(COST)	 £31.99	 £38.77	 BETTER	
HOW	MUCH	EACH	%	OF	PEP	COST	(COST	PER	%	PEP)	 £0.43	 £0.49	 BETTER	




this	 is	 how	 they	 balanced	 out	 cost	 and	 performance.	 They	 remarked	 early	 on	 that	 it	 was	 very	
important	 to	 be	 weary	 of	 slight	 cost	 increases	 as	 they	 do	 add	 up	 very	 easily.	 Through	 their	
choices,	 it	 seemed	they	prioritised	performance	and	supplier	profile	and	 then	 tried	 to	get	what	
they	wanted	for	the	best	price	possible.		
Reflecting	on	the	exercise	as	a	whole,	they	felt	that	while	they	would	have	like	more	information	
on	 materials,	 the	 information	 depth	 of	 information	 that	 they	 had	 made	 it	 easier	 to	 make	
decisions.	They	cited	the	lighting	decision	as	the	easiest	one	to	make	as	they	felt	they	had	all	the	
information	that	they	needed	to	make	an	informed	choice.		
As	 someone	with	 a	 limited	working	 knowledge	 of	 eco-design	 they	 remarked,	 “Instinctively	 you	
have	an	idea	of	things	that	you	can	do	to	improve	the	environmental	profile	of	a	product,	this	is	
reinforced	when	 you	 get	more	 information,	 like	 in	 the	 LCA	 report”	 and	 confessed	 that	 they	 as	
they	got	more	 information	 they	 felt	more	comfortable	and	confident.	Whenever	 they	were	not	
confident,	they	decided	that	they	would	not	change	anything	and	stick	to	the	original	component.		
In	terms	of	the	information	they	were	given,	they	thought	that	they	did	have	a	lot	to	consider	but	
by	 taking	 their	 time	 they	were	 able	 to	 gain	more	 confidence	 in	 their	 decisions.	While	 in	 some	
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cases	they	would	have	liked	more	performance-related	information	to	guide	them,	they	felt	the	




	 P009	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.766	 0.760	 BETTER	 0.792	 WORSE	
COST	 £39.83	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.52	 £0.54	 BETTER	 £0.49	 BETTER	
SCG	 2.046	 1.968	 BETTER	 1.919	 BETTER	





not	 seem	 to	 influence	 the	 decisions	 that	 they	 were	 making.	 They	 also	 claimed	 that	 wherever	












	 P010	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.731	 0.760	 WORSE	 0.792	 BETTER	
COST	 £40.64	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.56	 £0.54	 WORSE	 £0.49	 WORSE	
SCG	 1.992	 1.968	 BETTER	 1.919	 BETTER	
RELATIVE	SCG	 66%	 66%	 SAME	 64%	 WORSE	
	
P011	(Condition	C)	
Throughout	 the	 exercise	 P011	 was	 conscious	 of	 being	 limited	 by	 price,	 to	 counter	 this	 they	
decided	 that	 they	 would	 decide	 on	 the	 performance	 that	 they	 wanted	 and	 would	 select	 it	










	 P011	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.766	 0.760	 BETTER	 0.792	 WORSE	
COST	 £43.25	 £41.19	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.56	 £0.54	 WORSE	 £0.49	 WORSE	
SCG	 1.9205	 1.968	 WORSE	 1.919	 BETTER	













	 P012	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.776	 0.760	 BETTER	 0.792	 WORSE	
COST	 £41.02	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.54	 BETTER	 £0.49	 WORSE	
SCG	 1.914	 1.968	 WORSE	 1.919	 WORSE	




on	 the	 cost,	 performance	 and	 suppliers	 of	 the	 parts	 that	 they	 could	 choose	 to	 include	 in	 their	
design	 of	 the	 StylishEco.	 This	 meant	 that	 they	 were	 the	 group	 that	 was	 given	 the	 most	
information.	 Resultantly,	 they	 all	made	 comments	 about	 how	 they	 had	 a	 lot	 of	 information	 to	
digest;	all	of	them	did	realise	the	importance	of	having	all	this	information	as	it	was	vital	to	ensure	




be	happy	with;	 they	decided	 to	 implement	 those	performance	 improvements	 regardless	of	 the	
impact	 that	 they	 would	 have	 or	 how	 much	 they	 would	 cost.	 Cost	 was	 definitely	 not	 a	 major	
deciding	 factor	as	 they	all	went	 for	 the	performance	and	 supplier	profile	 that	 they	wanted	and	


















	 CONDITION	C	 ALL	COND	 	
PRODUCT	ENVIRONMENTAL	PERFORMANCE	(PEP)	 0.760	 0.791	 BETTER	
SUPPLY	CHAIN	GREENNESS	(SCG)	 1.968	 1.912	 BETTER	
PRODUCT	COST	(COST)	 £41.19	 £38.77	 WORSE	
HOW	MUCH	EACH	%	OF	PEP	COST	(COST	PER	%	PEP)	 £0.54	 £0.49	 WORSE	







there	was	quite	 a	 lot	 of	 balancing	out	 that	had	 to	be	done	 to	ensure	 that	 the	best	 choice	was	
made.		
Overall,	 P013	 selected	 components	 for	 their	 StylishEco	 cookerhood	 by	 deciding	 on	 the	




	 P013	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.753	 0.778	 WORSE	 0.792	 WORSE	
COST	 £38.31	 £38.09	 WORSE	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.51	 £0.46	 WORSE	 £0.49	 WORSE	
SCG	 2.163	 2.008	 BETTER	 1.919	 BETTER	
RELATIVE	SCG	 72%	 67%	 BETTER	 64%	 BETTER	
	
P014	(Condition	D)	
P014	 summed	up	 their	 experiences	with	 the	 exercise	by	 saying	 “There	 is	 a	 lot	 of	 stuff	 to	 think	
about,	 I	 just	wasn’t	 thinking	about	 it.	 I	didn’t	know	what	 I	 could	and	could	not	ask	 for.	 I	would	
have	 liked	 to	 know	 what	 things	 I	 can	 ask	 for	 then	 I	 will	 ask	 for	 them.	 So	 I	 missed	 the	 most	






In	 terms	 of	 how	 they	 tackled	 the	 exercise,	 they	 tried	 to	 go	 for	 the	 cheapest	 option	 wherever	




	 P014	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.683	 0.778	 WORSE	 0.792	 WORSE	
COST	 £27.19	 £38.09	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.40	 £0.46	 BETTER	 £0.49	 BETTER	
SCG	 1.8245	 2.008	 WORSE	 1.919	 WORSE	





cost.	 They	 found	 it	 interesting	 that	 it	 was	 left	 up	 to	 them	 to	 decide	 what	 information	 they	
wanted,	in	such	a	case	they	felt	that	they	would	have	liked	to	have	had	commercial	information	
like	sales	numbers.	They	also	made	a	comment	that	sometimes	when	all	you	are	faced	with	are	
numbers	 to	help	 you	 compare	 items,	 it	 is	 hard	 to	 know	how	 they	 actually	 translate	 in	 the	 real	
world;	 for	example	what	would	a	0.2	difference	 in	EMS	scores	actually	 look	 like.	To	summarise,	




	 P015	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.965	 0.778	 BETTER	 0.792	 BETTER	
COST	 £42.77	 £38.09	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.44	 £0.46	 BETTER	 £0.49	 BETTER	
SCG	 1.949	 2.008	 WORSE	 1.919	 BETTER	
RELATIVE	SCG	 65%	 67%	 WORSE	 64%	 BETTER	
	
P016	(Condition	D)	




supplier	 location.	 Overall,	 they	 tried	 to	 go	 for	 the	 cheapest	 option	 that	 met	 the	 performance	
standards	that	they	determined.	
After	 they	 completed	 the	 exercise,	 they	 commented	 that	 they	 did	 not	 really	 feel	 like	 they	 had	
made	any	environmental	decisions	and	that	they	didn’t	really	feel	 like	they	had	the	 information	
that	would	have	allowed	them	to	do	that	(even	though	they	could	have	asked	for	it).	They	would	
have	 liked	 to	 have	 manufacturing	 information	 and	 more	 information	 regarding	 the	 suppliers;	
more	than	transport	information	as	that	did	not	really	have	such	a	big	impact.	When	asked	why	
they	 didn’t	 ask	 for	 all	 that	 extra	 information	 that	 they	 just	 had	 mentioned	 that	 would	 have	







	 P016	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.71	 0.778	 BETTER	 0.792	 BETTER	
COST	 £36.07	 £38.09	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.51	 £0.46	 WORSE	 £0.49	 BETTER	
SCG	 2.0973	 2.008	 BETTER	 1.919	 WORSE	




















Across	all	participants,	 cost	 considerations	were	a	prevalent	 thing;	 they	all	 tried	 to	go	cheap	or	
balance	out	costs	for	the	performance	that	they	were	getting.	Through	the	experiment,	some	of	
the	participants	would	try	to	balance	out	all	the	factors	that	they	had	information	on	and	find	the	
best	 solution	 that	 way,	 in	 some	 cases	 aiming	 for	 the	 best	 performance.	 Others	 decided	 on	
performance	that	was	good	enough	and	they	tried	to	get	it	as	cheap	as	possible	–	these	were	the	
ones	 that	neglected	 the	 suppliers.	 This	mainly	happened	 for	 the	high	 impact	parts,	 for	 the	 low	
impact	ones	they	either	kept	them	the	same	or	tried	to	save	money.		
In	a	sentence,	the	group’s	decision-making	can	be	defined	as	follows:	either	tried	to	balance	out	














	 CONDITION	D	 ALL	COND	 	
PRODUCT	ENVIRONMENTAL	PERFORMANCE	(PEP)	 0.778	 0.791	 WORSE	
SUPPLY	CHAIN	GREENNESS	(SCG)	 2.008	 1.912	 BETTER	
PRODUCT	COST	(COST)	 £36.09	 £38.77	 BETTER	
HOW	MUCH	EACH	%	OF	PEP	COST	(COST	PER	%	PEP)	 £0.46	 £0.49	 BETTER	






data,	 it	 is	essential	 to	distinguish	them	from	the	data	from	which	they	were	derived.	 Inferences	














- To	 make	 informed	 decisions	 designers	 need	 more	 than	 one	 factor	 to	 consider;	 they	 are	
comfortable	with	 considering	 two	 factors.	 However,	 they	 find	 considering	 three	 factors	 at	
the	same	time	considerably	more	challenging.		
- When	 told	 to	 improve	 the	 environmental	 performance	 and	 not	 given	 any	 other	 stringent	
constraints	or	a	value	to	aim	for,	designers	find	it	difficult	to	make	decisions	confidently.		
- Designers	 make	 decisions	 based	 on	 what	 they	 have	 in	 front	 of	 them	 or	 they	 make	




























- Knowing	 supplier	 information	 did	 not	 seem	 to	 have	much	 of	 an	 impact	 on	 the	 product’s	
environmental	 performance,	 probably	 because	 in	 the	 product	 that	was	 designed	 here	 the	
impact	 of	 the	 transport	 phase	 was	 miniscule	 compared	 to	 the	 use	 and	 manufacturing	
phases.		
- When	 environmental	 performance	 cannot	 be	 a	 differentiator,	 then	 knowing	 supplier	
information	becomes	 important,	 as	 it	will	 have	an	 impact.	 In	 this	 case	 those	with	 supplier	






- Condition	 C	 produced	 the	 most	 consistent	 results.	 Condition	 D	 was	 very	 varied	 but	 on	










to	 not	 knowing	 component	 costs,	 knowing	 component	 costs	 helps	 designers	 keep	 overall	 cost	
down	 but	 with	 an	 adverse	 impact	 on	 the	 PEP	 of	 the	 designed	 product.	 As	 the	 integration	 of	
environmental	considerations	into	product	design	take	the	form	of	a	multi-objective	optimisation	
problem,	it	is	essential	that	the	designers	are	able	to	adequately	balance	the	trade-offs	that	have	
to	be	made.	Due	to	 its	 impact	on	overall	cost,	 it	 is	 important	that	designers	have	access	to	cost	
information,	at	 the	same	time	measures	have	 to	be	put	 in	place	 that	ensure	 that	designers	are	
capable	 of	 accurately	 evaluating	 the	 value	 of	 PEP	 so	 that	 it	 is	 not	 compromised	 as	 they	 focus	
solely	 on	 cost.	 This	 is	 to	 say,	 it	 is	 vital	 to	 ensure	 that	 designers	 are	 able	 to	 accurately	 appraise	
environmental	performance	in	relation	to	cost.		
It	 is	 also	 important	 to	 understand	 the	 dynamics	 that	 surround	 the	 type	 of	 information	 that	
designers	 have	 access	 to	 during	 ENPD.	 When	 given	 just	 technical	 performance	 related	
information,	 designers	 express	 a	 need	 to	 have	 cost	 information	 to	 help	 them	 make	 more	





available	 to	 them	and	 giving	 them	 the	option	of	 attaining	 the	 information	 that	 they	 think	 they	
need	at	their	own	behest.	This	goes	some	way	to	addressing	the	 information	push/pull	paradox	
where	 pushing	 information	 to	 the	 designers	 could	 result	 in	 oversaturation	 and	 having	 the	




ask	 for	 supplier-related	 information.	 The	 request	 for	 manufacturing-	 and	 materials-related	
information	 is	 testament	 to	 how	 traditional	 concurrent	 engineering	 principles	 (simultaneous	
design	of	process	and	product)	are	already	embedded	into	the	designer’s	processes	and	the	need	
to	bring	supply	chain	design	to	the	same	level	through	3DCE	based	approaches.		
The	 information	 that	 designers	 have	 impacts	 the	 factors	 that	 they	 consider	 when	 making	
decisions;	generally	speaking,	designers	mainly	tend	to	consider	two	factors	at	once.	Depending	
on	 what	 information	 they	 have,	 they	 will	 either	 try	 to	 balance	 performance	 vs.	 cost	 or	
performance	 vs.	 supplier	 profile.	 Designers	 that	 are	 given	 cost,	 performance	 and	 supplier	
information	note	 it	 is	a	 lot	to	consider	but	realise	that	 it	 is	vital	 information	to	have	as	 it	allows	
them	to	make	informed	decisions.	 It	 is	 important	to	note	that	not	only	is	 it	 important	to	ensure	
that	designers	have	the	 information	they	require,	but	to	also	make	sure	that	they	know	how	to	
utilise	it	once	they	have	it.		
Whenever	 designers	 feel	 that	 they	 do	 not	 have	 enough	 information	 to	 make	 an	 informed	
performance-based	decision,	they	will	not	change	anything	or	will	opt	to	cut	down	costs.	In	some	
cases	 when	 they	 have	 incomplete	 information	 they	 will	 fill	 in	 the	 gaps	 with	 their	 own	
assumptions,	 sometimes	 their	assumptions	are	correct	and	other	 times	 they	are	not.	To	ensure	
the	best	possible	results,	it	might	be	beneficial	for	designers	to	have	eco-design	guidelines	so	that	
when	they	are	forced	to	make	assumptions	they	make	ones	that	are	not	counter-productive.	
Looking	 at	 the	 process	 outputs	 in	 terms	 of	 cost	 per	%	 PEP	 and	 SCG,	 Condition	D	 had	 the	 best	









make	more	 informed	environmental	decisions	as	 they	 focus	on	making	products	with	 improved	
environmental	profiles	but	one	of	the	process	outputs	becomes	a	design	of	the	product’s	supply	
chain.	During	the	exercises	participants	were	not	explicitly	asked	to	design	the	supply	chain	of	the	









based	on	 composite	 decision	modelling,	 and	 through	 composite	 sequence	 analysis	 that	
integrates	multiple	participants’	journeys	into	a	single	diagram	the	model	would	map	out	
specific	choices	and	actions	that	designers	 take	when	they	conduct	product	design	with	
environmental	 objectives.	 This	 tool	 can	 help	 researchers	 understand	 how	 designers	










close	 or	 far	 the	 solutions	 are	 to	 optimised	 solutions.	 Through	 the	 use	 of	 design	
optimisation,	researchers	would	be	able	to	gain	insight	into	how	designers	handle	multi-
objective	 optimisation	 challenges	 that	 are	 embedded	 within	 ENPD.	 This	 process	 was	
adopted	 during	 the	 analysis	 of	 the	 exercises	 to	 compare	 the	 participates	 proposed	
solutions	 to	optimised	solutions,	which	 lead	 to	 the	 idea	 that	 it	 could	be	developed	as	a	
useful	tool	in	its	own	right.	
• Supplier-Specific	 Information	 Database:	 an	 information	 database	 that	 gives	 designers	




(described	 in	 section	 8.4).	 Designers	 are	 able	 to	 set	 the	 variables	 they	 want	 to	 see	








selection	 exercises	 in	 the	 form	 of	 controlled	 experiments.	 Based	 on	 an	 existent	 company	 and	
product,	 the	 exercises	 were	 developed	 specifically	 for	 this	 purpose;	 16	 carefully	 selected	
participants	 assumed	 the	 role	 of	 product	 designer	 and	 undertook	 the	 exercises.	 During	 the	
exercises,	 the	 participants	 were	 required	 to	 utilise	 varying	 degrees	 of	 information	 to	 make	
informed	 decisions	 regarding	 the	 integration	 of	 environmental	 consideration	 in	 to	 the	 product	
design.	Of	 particular	 interest	was	 the	 impact	 that	 supplier-specific	 information	 had	 on	 product	
cost,	product	environmental	performance	and	supply	chain	greenness.	Qualitative	data	related	to	
the	 processes	 the	 designers	 adopted	 and	 quantitative	 data	 relating	 to	 the	 produced	 product	
designs	 was	 collected	 and	 analysed	 through	 content	 analysis,	 and	 descriptive	 and	 inferential	
statistics	 respectively.	After	process	 vignettes	were	used	 to	discuss	 the	 results	of	 the	exercises,	
inferences	 were	 made	 and	 implications	 of	 the	 exercises	 results	 were	 outlined.	 The	 chapter	
concludes	with	a	presentation	of	the	outputs	of	the	exercises	and	details	on	how	they	answer	and	
address	relevant	research	questions	and	objectives.		
The	 impact	 of	 early	 supply	 chain	 design	 on	 ENPD	 outputs	 was	 assessed	 through	 controlled	
experiments	 in	 the	 form	of	 component	 selection	 exercises.	 Based	 on	 an	 existent	 company	 and	
product,	 the	 exercises	 were	 developed	 specifically	 for	 this	 purpose;	 16	 carefully	 selected	
participants	 assumed	 the	 role	 of	 product	 designer	 and	 undertook	 the	 exercises.	 During	 the	
exercises,	 the	 participants	 were	 required	 to	 utilise	 varying	 degrees	 of	 information	 to	 make	
informed	decisions	 regarding	 the	 integration	of	environmental	 consideration	 in	 the	 selection	of	



















on	 practice	which	 culminates	with	 the	 presentation	 of	 a	matrix	 based	 on	 the	 levels	within	 the	
study	which	contains	the	main	research	findings.	Following	that,	various	support	mechanisms	for	
3DCE-based	 approaches	 to	 ENPD	 and	 a	 method	 to	 ENPD	 based	 on	 the	 3DCE	 approach	 are	
presented.	The	support	mechanisms	are	 in	 the	 form	of	 tools	and	recommendations	 that	aim	to	
provide	 assistance	 and	 support	 when	 3DCE-based	 approaches	 are	 adopted	 for	 the	
implementation	 of	 ENPD.	 The	 3DCE-based	 method	 for	 ENPD	 is	 presented	 the	 form	 of	 a	
framework,	 and	 is	 based	 on	 the	 use	 and	 availability	 of	 supplier-specific	 information	 during	 the	
ENPD	 process.	 The	 chapter	 concludes	with	 an	 evaluation	 of	 the	 research	methods	 used	 in	 the	
project.	 The	 aim	 of	 this	 section	 is	 to	 make	 a	 case	 for	 the	 quality	 and	 validity	 of	 the	 research	
findings,	 outputs	 and	 conclusions	 that	 have	 been	 presented	 and	 to	 address	 assumptions,	
limitations	and	delimitations	of	the	project.			
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case	 study	 (Chapter	 5)	 and	 controlled	 experiments	 (Chapter	 6),	 a	 wide	 range	 of	 findings	 and	
insights	were	gleaned.	These	are	discussed	in	this	section,	along	with	their	implications	and	where	
appropriate,	 they	 are	 reviewed	 in	 the	 context	 of	 the	 literature	 and	 existing	 knowledge	 on	 the	
subject.	These	findings	were	combined	in	an	attempt	to	fulfil	the	following	research	objectives:		
RO2:	 Develop	 a	 method,	 based	 on	 3DCE	 and	 with	 a	 supply	 chain	 focus,	 which	 can	 be	
utilised	during	the	environmental	new	product	development	process.	




Insights	 and	 outputs	 from	 the	 multi-case	 study	 (Chapter	 5)	 and	 the	 controlled	 experiments	




when	 they	 felt	 they	 had	 all	 the	 information	 they	 required	 to	 make	 informed	 environmental	
decisions.	When	they	did	not,	 they	opted	not	to	change	anything.	A	 ‘normal	designer’	might	be	
able	to	get	the	same	result	as	an	eco-designer	as	long	as	they	are	provided	with	all	the	relevant	
information.	 In	 some	 cases,	 this	might	negate	 the	need	 to	understand	and	 complex	eco-design	
principles	 and	 tools.	 Tools	 for	eco-design	 typically	do	not	achieve	 industry	penetration	because	
they	 are	 too	 qualitative/subjective	 to	 be	 used	 by	 designers	 with	 limited	 experience,	 or	 too	
quantitative,	 costly	 and	 time	 consuming	 and	 do	 not	 allow	 for	 easy	 integration	with	 traditional	
design	 tools	 	 (Sakao	 et	 al.,	 2008;	 Boks,	 2006).	 Using	 supplier-specific	 information	 could	 be	 a	






lack	of	 information	 (Green,	 2013).	 Even	 if	 they	 knew	 that	 they	 could	 ask	 for	 extra	 information,	




utilise	 the	potential	 that	 lies	within	using	supplier-specific	 information	during	 the	ENPD	process	
designers	need	to	proactively	pull	out	the	information	that	they	require.	Lack	of	information	leads	




Supplier-specific	 information	 (product	 performance,	 product	 cost	 and	 supplier	 information,	
where	supplier	information	details	attributes	particular	to	the	supplier	such	as	location,	transport	
details,	EMS	results	etc.)	allows	designers	to	consider	not	just	the	environmental	attributes	of	the	





Typically	within	 ENPD,	 the	 three	 key	 objectives	 that	 are	 typically	 used	 for	 decision	making	 are	




To	 do	 this,	 designers	 need	 to	 effectively	 take	 into	 consideration,	 not	 only	 the	 environmental	
information	relating	to	the	technical	performance	of	components	and	materials,	they	also	need	to	
consider	 the	 profiles	 and	 environmental	 activities	 of	 the	 suppliers	 of	 themselves	 when	 they	
determine	 the	 environmental	 performance.	 This	 adds	 a	 new	 level	 of	 complexity	 to	 the	
environmental	performance	objective.	
With	the	added	information	that	designers	have	to	work	with,	 it	 is	 important	to	make	sure	that	
the	designers	are	not	overwhelmed	by	 the	 information	and	 that	 they	 can	utilise	 it	 to	 its	 fullest	




time	 challenging.	 The	 Cost	 per	%	 PEP	 derived	 unit	was	 developed	 to	 help	 designers	 determine	
how	the	product’s	environmental	performance	affects	 the	cost.	Cost	per	%	PEP	 is	calculated	by	
taking	 into	 consideration	 the	 cost,	 performance	 (technical	 and	 environmental)	 and	 supplier	
information	(technical	and	environmental)	and	is	a	way	of	relating	all	the	objectives	of	interest	to	
each	other	(See	Section	7.2.1).	
In	 their	 study	 on	 environmental	 information,	 Elarndsson	 and	 Tillman	 (2009)	 make	 two	 main	
distinctions	regarding	the	use	of	EI:	(1)	whether	the	information	is	for	internal	or	external	use	and	
(2)	whether	the	information	pertains	to	the	company	and	production	or	to	products	and	services.	
By	 using	 supplier-specific	 information,	 the	 product	 designers	 have	 to	 evaluate	 both	 product	
related	information	and	company	related	information;	this	means	that	they	evaluate	information	
that	 pertains	 to	 both	 the	 company	 and	 internal	 production,	 and	 to	 products	 and	 services.	
However,	because	of	 the	 supplier	 focus,	 they	are	using	considering	 information	 that	 is	 typically	
internal	 to	 the	 suppliers.	 In	 the	 presence	of	 richer	 supply	 chain	 information,	 product	designers	





Brink	 et	 al.,	 1998),	 supply	 chain	 management	 has	 been	 seen	 as	 a	 vehicle	 for	 moving	
environmental	 information	 through	 the	 supply	 chain	 to	 product	 designers	 (Sarkis	 et	 al.,	 1995;	
Nagel,	1998).	This	utilisation	of	supply	chain	management	practices	can	be	extended	through	the	
use	 of	 EMSs.	 The	 information	 that	 is	 typically	 found	 in	 a	 EMS	 system	 (e.g.	 location,	 waste	
management,	raw	material	use	etc.)	is	the	type	of	supplier-specific	information	that	can	enhance	
the	 ENPD	 process.	 Supply	 chain	 departments	 that	 practice	 green	 supply	 chain	 management	
typically	 evaluate	 their	 suppliers	 based	 on	 environmental	 criteria	 and	 have	 a	 requirement	 that	
suppliers	develop	and	maintain	some	form	of	EMS	(Zhu	et	al.,	2012;	Zhu	et	al.,	2005;	Large	and	
Thomsen,	 2011;	Min	 and	 Galle,	 2001).	Within	 the	 case	 companies,	 C005	 had	 exemplary	 green	
supply	 chain	management	 practices.	 It	 not	 only	 aims	 to	 have	 all	 eighty	 of	 its	 production	 bases	
adopt	EMSs	but	also	 to	have	 its	 suppliers	do	 the	same	and	encourage	 their	 suppliers	 to	do	 the	
same	as	well.	Additionally,	 it	has	a	number	of	 internal	and	external	guidelines	 that	are	 support	
various	environmental	initiatives.		
Supply	 chain	 departments	 that	 practice	 green	 supply	 chain	 management	 can	 make	 the	
information	 in	 their	 EMS	 available	 to	 product	 designers.	 This	 information	 can	 be	 synchronised	
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with	 the	 supplier-specific	 information	 databases,	 allowing	 product	 designers	 to	 use	 that	
information	during	the	design	and	development	phase	of	the	ENPD	process.	Through	this,	along	
with	 technical	 and	environmental	product	 information,	 the	product	designers	 can	also	 consider	
the	 environmental	 profile	 of	 suppliers	 of	 products.	 As	 is	 evidenced	 by	 most	 of	 the	 case	
companies,	 organisations	 are	 already	 trying	 to	 act	 in	more	 environmentally	 conscious	ways	 by	
adopting	EMSs;	within	these	they	also	assess	the	impacts	and	profiles	of	their	suppliers.	EMS	can	
be	 more	 than	 an	 organisational-level	 tool,	 it	 can	 also	 be	 applied	 to	 the	 product	 design	 and	
development	 phase	 of	 the	 ENPD	 process.	 	 While	 its	 use	 is	 not	 without	 its	 challenges,	 the	
controlled	 experiments	 showed	 that	 product	 designers	 are	 able	 to	 exploit	 supplier-specific	
information	for	the	benefit	of	ENPD	objectives.	
7.1.3 ROLES	OF	SUPPLY	CHAIN	AND	DESIGN	FUNCTIONS	DURING	ENPD	
The	 procurement	 function	 can	 actively	 support	 the	 design	 function	 during	 the	 design	 and	
development	phase	by	consolidating	the	company’s	product	design-	and	supply-based	supply-side	
interactions	(See	Figure	43).	 In	this	case	 ‘supply-side	 interactions’	 is	used	to	denote	 interactions	
with	 suppliers.	 If	 procurement	 is	 involved	 in	NPD	early,	 it	 can	 take	on	 the	 role	 of	managing	 all	
supplier	interactions.	In	addition	to	their	typical	role	that	includes	sourcing	activities,	negotiation	
and	 strategic	 selection	of	 goods	 and	 services	 that	 are	 usually	 of	 importance	 to	 an	organisation	
(Chopra	 and	 Meindl,	 2007),	 procurement	 can	 monitor	 supplier	 markets	 for	 technological	
developments,	 gather	 new	 information	 on	 products	 that	 are	 being	 developed,	 find	 alternative	
components	that	can	result	 in	a	higher	quality	of	the	final	product	and	pre-select	suppliers	who	
satisfy	supply-related	requirements.	It	is	through	this	these	latter	activities	that	the	procurement	
function	 can	 support	 the	 design	 function	 during	 ENPD.	 Through	 the	 cultivation	 of	 relationships	
that	procurement	has	with	the	supply	market,	headway	can	be	made	in	attaining	both	supply	and	
design	objectives.	As	procurement	 takes	 control	of	 the	majority	of	 interactions	with	 the	 supply	
chain	it	is	essential	that	they	do	not	do	so	at	the	neglect	of	product	design	issues.	It	is	important	
that	 they	 employ	 cross-functional	 teams	 that	 include	 engineers	 to	 ensure	 that	 technical	
considerations	are	an	integral	part	of	the	interactions	resulting	in	outputs	that	are	of	great	use	to	
R&D.	 Additionally,	 procurement	 can	 be	 in	 a	 better	 position	 to	 facilitate	 the	 integration	 of	
suppliers	 into	 the	product	development	process	and	manage	any	supplier	development	as	 they	
already	have	contact	with	the	suppliers.			
If	 they	 are	 provided	 with	 supplier-specific	 information,	 through	 preliminary	 supplier	 selection	
designers	 are	 capable	of	 early	 supply	 chain	design	during	 the	product	design	 and	development	
phase	of	the	product	development	process.	When	product	designers	undertake	early	supply	chain	
design,	 the	 procurement	 function	 gets	more	 time	 to	 explore	 and	 identify	 opportunities	 in	 the	
supply	 chain,	 negotiate	 with	 suppliers,	 finalise	 supply	 conditions	 etc.	 On	 the	 other	 hand,	 the	
product	designers	are	able	to	use	supplier-specific	information	in	the	environmental	assessments	
they	 carry	 out	 as	 they	 integrate	 environmental	 considerations	 into	 the	 design	 process.	 The	




In	 a	 world	 that	 is	 increasingly	 interdependent,	 what	 happens	 to	 one	 supplier	 can	 have	 ripple	
effects	onto	an	entire	multinational	company.	Through	supply	chain	mapping	visibility	of	a	multi-
tier	supply	chain	can	be	gained	allowing	for	information	to	be	collected.	Requesting	information	
directly	 from	 the	 source	 for	 ENPD	 can	 have	 the	 added	 benefit	 of	 fostering	 improved	
environmental	 awareness	 on	 the	 part	 of	 the	 supplier.	 Additionally,	 direct	 source	 information	
enables	 comparison	 of	 suppliers	 based	 on	 their	 environmental	 performance,	 and	 the	
environmental	performance	of	the	products	they	provide.	 Information	sharing	 is	not	without	 its	
challenges;	these	can	be	categorised	as	related	to:	willingness	to	share;	availability	or	information	
technology.	 The	 type	of	 environmental	 information	 from	 suppliers	 that	 is	 beneficial	 to	 ENPD	 is	
one	 that	 is	 classed	 as	 typically	 being	 for	 internal	 use	 (Erlandsson	 and	 Tillman,	 2009);	 this	 is	
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information	 such	 as	 LCA	 results	 and	 documented	 processes	 in	 environmental	 management	
systems.	Requesting	information	that	is	typically	for	internal	use	as	an	external	party	is	a	barrier	
to	 attaining	 the	 information.	 Just	 because	 a	 company	 understands	 the	 value	 of	 information	
sharing,	and	wants	its	suppliers	to	share	information	more	freely,	does	not	mean	that	it	would	be	
open	 to	 sharing	 information	 their	 own	 information.	While	 C001	 expressed	 a	 desire	 to	 have	 its	
suppliers	 share	 more	 environmental	 information,	 it	 was	 reticent	 to	 do	 the	 same	 unless	 if	 the	
environmental	 information	 showed	 that	 their	 products	 were	 competitive	 compared	 to	 other	
offerings	on	the	competitors.		
Information	 sharing	 behaviours	 surrounding	 environmental	 sustainability	 can	 be	 split	 into	 two.	
Large	enterprises	openly	publish	more	information	regarding	the	environmental	performance	of	
their	products.	While	SME’s	are	typically	reluctant	to	disclose	too	much	information	regarding	the	
environmental	 performance	 of	 their	 products.	 Companies	 are	 typically	 reluctant	 to	 share	
information	with	 their	 supply	 chain	partners	 due	 to	 an	unequal	 distribution	of	 risks,	 costs,	 and	
benefits	 among	 the	 partners.	 The	 information	 shared	will	 usually	 benefit	 the	 recipient,	 yet	 the	
provider	will	 incur	 the	majority	of	 costs.	Reluctance	 to	 share	 information	also	arises	due	 to	 the	
risk	of	it	being	divulged	to	competitors	or	used	for	opportunistic	bargaining.	These	are	all	factors	
that	 were	 encountered	 relating	 to	 information	 sharing	 across	 the	 cases.	 For	 example,	 despite	
being	a	 large	organisation	C006,	find	that	their	size	does	not	always	put	them	in	the	position	of	
power.	 Typically,	 the	power	distribution	 is	determined	by	 influence	as	 suggested	by	Erlandsson	












to	 get	 components	 that	 are	 supplied	 with	 environmental	 information	 or	 they	 can	 specify	 to	
suppliers	 that	 it	 is	 a	 requirement	 that	 they	 provide	 environmental	 information	 related	 to	 the	
products	that	they	purchase.	If	consumers	are	expected	to	be	willing	to	pay	more	for	sustainable	
products,	 notion	 still	 under	 debate,	 then	 companies	 too	 should	 be	willing	 to	 pay	more.	While	









are	 compelling	 reasons	 to	 produce	 strategic	 supply	 chain	maps,	 there	 are	 some	 concerns	 that	
firms	 must	 address	 before	 publishing	 such	 a	 map,	 either	 internally	 or	 externally.	 These	 risks	
include	 giving	 away	 competitive	 information,	 changing	 the	 chain	 dynamics,	 getting	 lost	 in	 too	
many	details,	and	providing	an	ineffective	perspective	for	management	use	(Farris,	2010;	Gardner	





understand	and	have	 information	on	 the	 suppliers	 they	buy	directly	 from	and	 those	companies	





to	 supply	 chain	 information	 sharing.	 Four	 out	 of	 six	 of	 the	 case	 companies,	 the	 ENPD	
organisations,	use	IT	for	supply	chain	information	sharing,	and	the	ones	that	don’t	are	considering	
it.	Many	managers	 define	 and	manage	 information	 sharing	 as	 a	 technology	 issue	 (Cachon	 and	
Fisher,	2000;	Chatfield	et	al.,	2004;	Robinson	et	al.,	2005;	Lee,	2000;	Zhang,	2002;	Frohlich,	2002;	
Fiala,	 2005);	 C003	 in	 particular	 took	 the	 same	 view	 and	 was	 looking	 to	 rely	 on	 the	 power	 of	
technological	innovation	to	drive	collaboration.	
However,	 there	 is	 a	misperception	 regarding	 the	 valid	 nature	of	 information	 sharing	 capability.	
This	 results	 in	 technology	being	purchased	and	sold	as	 the	solution	 to	a	company’s	 information	
sharing	deficiencies.	Regardless	of	this,	for	many	companies,	the	sought	after	information	sharing	
capabilities	 and	 higher	 levels	 of	 cross-enterprise	 collaboration	 never	 materialise	 (Fawcett	 and	
Magnan,	2001).	 In	the	case	of	C006,	they	found	that	some	of	their	suppliers,	the	SME’s,	did	not	
have	 the	 capacity	 to	 dedicate	 resources	 to	 information	 sharing.	When	 it	 came	 to	 information	
sharing,	C001’s	biggest	 concern	with	 sharing	 information	 through	emerging	 information	sharing	
technologies	such	as	databases	is	that	the	users	of	the	information	will	use	it	to	unjustly	compare	
them	against	their	competitors,	especially	if	they	focus	mainly	on	price	comparisons.	
Technology	alone	 is	not	 the	solution	to	 information	sharing.	 In	 their	study,	Fawcett	et	al	 (2007)	
found	 that	 there	 are	 some	 companies	 that	 manage	 to	 have	 more	 success	 with	 supply	 chain	
information	 sharing.	 These	 are	 the	 companies	 who	 have	 sharing	 embedded	 in	 organisational	
cultures;	communication	augments	investments	in	technology	to	create	better	relationships	and	






information.	 It	 employs	 the	 use	 of	 business	 enterprise	 software	 to	 facilitate	 supply	 chain	
information	 sharing.	 And	 has	 found	 that	 when	 making	 information	 requests	 to	 suppliers	 it	 is	
essential	to	assure	the	supplier	that	any	confidential	information	will	be	handled	accordingly.	To	
promote	information	sharing	across	their	supply	base,	C005	shares	information	pertaining	to	itself	
freely	with	 its	 suppliers,	 including	 information	 relating	 to	 the	environmental	performance	of	 its	
products.	Additionally,	to	promote	environmental	information	transmission,	C005	extend	beyond	
their	 direct	 suppliers	 and	make	 requests	 to	 their	 second	 and	 third	 tier	 suppliers	 that	 they	 also	
adopt	 their	 ‘green	 procurement	 guidelines.’	 To	 help	 Japanese	 suppliers	 become	 more	
internationally	 competitive	 and	 to	 boost	 its	 ability	 to	 respond	 to	 sudden	 changes	 in	 market	




inherent	 in	 the	 practice	 and	 the	 consequences	 of	 providing	 accidental	 but	 harmful	 access	 to	
corporate	information.	Information	sharing	is	not	always	beneficial	to	some	supply	chain	entities	
due	 to	 high	 adoption	 cost	 of	 joining	 the	 inter-organisational	 information	 system,	 expensive	
technology	investment,	personnel	training,	lack	of	mutual	trust	(Cohen,	2000;	Swaminathan	et	al.,	
1997)	 etc.	 Evidence	 of	 these	 barriers	 to	 information	 sharing	were	 found	 throughout	 the	multi-
case	 study.	 The	 practice	 of	 sharing	 information	 is	 inherently	 contradictory,	 it	 is	 essential	 that	
companies	 share	 information	 however,	 there	 are	 risks	 associated	with	 sharing	 that	 need	 to	 be	
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mitigated.	 To	 address	 information	 risk	 in	 the	 supply	 chain,	 organisations	 should	 adopt	 robust,	
scalable	and	 repeatable	processes	 that	allow	 them	 to	obtain	assurance	proportional	 to	 the	 risk	
faced.	 Supply	 chain	 information	 risk	 management	 should	 be	 embedded	 within	 existing	
procurement	processes;	it	becomes	part	of	regular	business	operations.		
(Durbin,	2014)	posits	that	there	are	three	key	reasons	that	organisations	may	find	that	they	are	
vulnerable	 due	 to	 information	 sharing	 across	 their	 supply	 chain:	 lack	 of	 awareness	 of	 sensitive	
information	 being	 shared	 in	 contracts;	 too	 many	 contracts	 to	 assess	 individually;	 and	 lack	 of	
visibility	and	controls	as	information	is	shared	in	the	supply	chain.	Some	organisation	focus	on	the	
first	 reason	 and	 assess	 the	 information	 risk	 of	 each	 contract,	 however,	 this	 is	 not	 scalable	 for	





information	 sharing	 risk	 is	 the	 Supply	 Chain	 Information	 Risk	 Assurance	 Process	 (SCIRAP)	




As	 evidenced	by	 companies	 such	 as	 C005,	 it	 is	 possible	 to	mitigate	 some	of	 the	 risks	 of	 supply	
chain	 information	sharing	 through	developing	trust	based	alliances	with	suppliers.	 It	 is	essential	
for	 goodwill,	 contractual	 and	 competence	 trust	 (Sako,	 1992)	 to	 develop	 between	 the	 sharing	
parties.	 One	 such	way	 of	 building	 trust-based	 alliances	 is	 through	 the	 adoption	 of	 law	 binding	
documents	such	as	contracts.	In	the	context	of	agency	theory,	such	agreements	can	be	seen	as	a	
mechanism	 intended	 to	 provide	 protection	 against	moral	 hazard,	 however,	 Fraser	 et	 al	 (2003)	
found	that	agreements	and	contracts	are	seen	more	as	a	basis	for	trust	based	partnerships	rather	
than	as	a	mechanism	to	guard	against	mistrust	and	opportunism.	When	contracts	are	drawn	up,	it	
is	 essential	 that	 legal	 representation	 and	 technical,	 financial	 and	management	 personnel	 from	
both	sides	are	present	and	that	the	relevant	aspects	of	the	agreements	then	are	communicated	
to	project	team	members.	






the	 products;	 how	 the	 organisational	 functions	 work	 together,	 in	 particular	 the	 role	 of	 the	
procurement	 function	within	 the	development	process;	and	how	the	organisation	 interacts	and	
utilises	 its	 external	 supply	 chain.	 The	 most	 requested	 information	 during	 the	 controlled	
experiments	 was	 related	 to	 manufacturing	 and	 materials.	 The	 request	 for	 manufacturing	 and	
materials	 information	 is	 testament	 to	 how	 traditional	 concurrent	 engineering	 principles	










increase	 the	 likelihood	 of	 success.	 This	 ties	 in	 with	 the	work	 of	 Buckingham	 et	 al	 (2014),	 who	
posits	 that	when	 implementing	ENPD	 it	 is	 important	 to	understand	 the	business	context.	Those	
organisations	 that	have	 the	supply	chain	 function	 (particularly	procurement)	already	supporting	
the	product	development	process	and	working	closely	with	suppliers	are	 in	a	better	position	 to	
adopt	3DCE	based	approaches	that	those	who	do	not.	
Product	development	 time	 is	 reduced	when	 the	procurement	 function	 consolidates	 supply-side	
interactions	and	the	design	function	practices	preliminary	supplier	selection.	This	 is	because	the	
back-and-forth	 between	 the	 internal	 and	 external	 functions	 and	 that	 between	 the	 design	 and	
procurement	 functions	 is	 reduced.	While	product	designers	 can	 influence	 the	product	 cost	 and	
product	performance	(technical	and	environmental),	it	is	through	the	collaboration	of	the	internal	
design	 and	 procurement	 functions	 that	 the	 development	 cost	 and	 time	 can	 be	 reduced.	
Consolidating	 supply-side	 interactions	 and	 having	 the	 design	 function	 practice	 preliminary	
supplier	selection	enables	in	early	supply	chain	design	and	reduces	the	time	and	effort	expended	





























	 A.	 When	 transitioning	 to	 ENPD,	 environmental	 and	 supply	
chain	considerations	should	be	an	integral	part	of	the	product	
design	and	be	aligned	with	company	strategy	(5.5.2).	
B.	Organisations	 that	 already	have	 the	procurement	 function	
supporting	 the	PDP	are	 in	a	better	position	 to	adopt	a	3DCE-
based	approach	to	ENPD	(5.5.2).	







D.	 Supply-side	 interaction	 consolidation	 and	 design	 practicing	








G.	 The	 supply	 chain	 department	 can	 support	 the	 product	
development	 process	 by	 having	 all	 supply-side	 interactions	





I.	 The	 procurement	 function	 should	 be	 involved	 early	 in	 the	
ENPD	 process	 as	 part	 of	 a	 cross-functional	 team	 to	 ensure	
adequate	flow	of	supplier-specific	information	from	the	supply	
chain	to	the	designers	(5.5.2).		
J.	 The	 availability	 of	 supplier	 specific	 information	 during	 the	
design	 process	 allows	 designers	 to	 consider	 not	 just	 the	
environmental	attributes	of	the	product	but	also	the	suppliers	
of	its	components	(6.8).	




an	 open	 approach	 and	 cultivating	 supplier	 relations	 for	 the	
attainment	 of	 mutual	 benefits	 through	 relationship-based	
supplier	 collaboration	 and	 strategic	 supplier	 relationship	
management	(5.5.2).		
M.	 Information	 sharing	 behaviours	 surrounding	
environmental	 sustainability	 can	 typically	 be	 split	 into	 large	







information	 sharing	 by	 being	 intrinsically	 linked	 to	 the	
purpose	 of	 its	 undertaking,	 for	 ENPD	 this	 is	 gaining	 an	
understanding	of	a	product’s	lifecycle	impacts	(5.5.2).	
P.	 To	 manage	 the	 risk	 inherent	 in	 information	 sharing,	
organisations	 should	 adopt	 robust,	 scalable	 and	 repeatable	
processes	 that	 allow	 them	 to	obtain	assurance	proportional	
to	the	risks	(5.5.2).	
Q.	Use	of	IT	and	consolidating	information	sharing	and	supply	










R.	 Supply	 chain	design	considerations	are	not	as	embedded	 into	
designers’	 decision-making	 processes	 as	 much	 as	 product	 and	
process	design	considerations	(6.8).	
S.	 Designers	 are	 able	 to	 practice	 early	 supply	 chain	 design	 by	
undertaking	 preliminary	 supplier	 selection	 during	 the	 design	
process	 and	 using	 supplier-specific	 information	 in	 their	
environmental	considerations	(6.8).	
T.	Using	of	supplier	specific	information,	designers	make	the	least	






environmental	 performance	 and	 supply	 chain	 greenness	 using	
supplier	specific	information	(6.8).	
W.	 To	 aid	 early	 supply	 chain	 design,	 it	 is	 important	 that	
designers	 are	 adequately	 trained	 in	 supplier	 selection	 and	
supply	 chain	 design	 principles	 and	 supported	 by	 the	 supply	
department	(5.5.2).	
X.	 Information	 sharing	 challenges	 are	 typically	 related	 to	
willingness	 to	 share,	 availability	 of	 information	 and	
information	technology	(5.5.2).	





supply	 chain	 mapping,	 making	 whole	 supply	 chains	 too	
complex	to	map	(5.5.2).	




The	 3DCE-based	 approach	 to	 ENPD	 holds	 promise	 in	 not	 only	 integrating	 environmental	
considerations	 into	 the	 product	 development	 process	 but	 also	 in	 reducing	 the	 product	
development	 cycle	 time.	 To	 aid	 in	 its	 successful	 implementation	 and	 adoption,	 various	







A	 unit	 used	 to	 quantify	 the	 product	 environmental	
performance	 of	 products	 within	 a	 set	 relative	 to	 cost	 and	
each	 other;	 a	 way	 of	 quantifying	 the	 environmental	 of	






A	 process	 maturity	 model	 of	 procurement	 involvement	 in	
ENPD	 that	 serves	 as	 an	 audit	 tool	 to	 assess	 and	guide	how	







A	 list	 of	 issues	 to	 consider	 when	 practicing	 supply	 chain	
mapping	 for	 information	sharing	 that	are	used	to	guide	the	






A	 list	 of	 recommendations	 that	 address	 various	 issues	 that	
arise	when	a	3DCE-based	approach	to	ENPD	is	adopted	and	




The	 Cost	 per	 %	 PEP	 is	 a	 derived	 unit	 that	 expresses	 how	 much	 a	 product	 will	 cost	 when	 its	









STEP	2	 To	 streamline	 the	 analysis,	 quantify	 the	
components,	materials	and	processes	that	have	
the	 highest	 environmental	 impacts	 throughout	
the	lifecycle	of	the	products	
Largest	 impacts	 are	 X	 (10%),	 Y	 (30%)	 and	 Z	
(40%)	which	equal	80%,	therefore:	
0.1X	+	0.3Y	+	0.4Z	=	0.8	total	product	impact	
STEP	3	 Assume	 that	 these	 represent	 100%	 of	 the	
impacts	 and	 calculate	 how	 much	 each	 of	 the	







STEP	4	 Create	 alternative	 designs	 by	 replacing	 the	
highest	 impacting	 components,	 materials	 or	








STEP	5	 Isolate	 the	 components,	 materials	 or	
components	 with	 the	 lowest	 environmental	
impacts	and	assign	 those	a	 “relative	efficiency”	










STEP	7	 Multiply	 the	 environmental	 performance	 score	




























undertaken;	 it	 allows	 the	 designer	 to	 quantifying	 the	 cost	 of	 environmental	 improvements.	
Product	 development	 is	 about	 making	 trade-offs	 and	 within	 ENPD,	 the	 following	 five	 design	
objectives	 have	 to	 be	 balanced	 out:	 product	 performance,	 product	 cost,	 development	 cost,	
development	 speed,	 and	 product	 environmental	 performance	 (Kaebernick	 et	 al.,	 2003).	
Development	cost	and	development	speed	relate	to	the	whole	product	development	process,	as	
opposed	 to	 the	 other	 three	 that	 mainly	 relate	 to	 the	 product	 design	 and	 development	 phase	
within	 that	process,	which	 is	why	they	were	not	addressed	within	 the	exercises.	When	the	cost	







as	 was	 evident	 during	 the	 controlled	 experiments	 reported	 in	 Chapter	 6,	 that	 integrating	
environmental	considerations	into	a	product	is	always	expensive.	While,	it	is	true	in	some	cases,	it	
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is	 not	 in	 others	 and	 it	 is	 important	 to	 understand	 the	 relative	 impact	 that	 environmental	
improvements	will	have	on	cost.		
7.2.2 PROCUREMENT	INVOLVEMENT	IN	ENPD	MATURITY	MODEL	
Initially	 developed	 in	 the	 area	 of	 software	 development,	 maturity	 models	 have	 been	 widely	
applied	 as	 general	 models	 of	 the	 maturity	 of	 organisational	 processes.	 The	 use	 of	 a	 maturity	
model	 allows	 an	 organisation	 to	 have	 its	 methods	 and	 processes	 assessed	 according	 to	
management	 best-practice,	 against	 a	 clear	 set	 of	 external	 benchmarks.	 The	 term	 ‘maturity’	




collaboration	maturity	 as	 a	means	 of	 describing,	 in	 a	 few	phrases,	 the	 characteristic	 behaviour	
exhibited	 by	 a	 firm	 at	 a	 number	 of	 levels	 of	 ‘maturity’	 for	 key	 process	 areas	 in	 product	
development	 collaborations	 (Fraser	 et	 al.,	 2003).	 Much	 in	 the	 same	 manner,	 involvement	





• Process	 Maturity	 Levels	 –	 a	 3-level	 process	 maturity	 continuum	 where	 the	 uppermost	
level	is	the	ideal	state	of	procurement	involvement	in	ENPD.	




The	process	maturity	 levels	are	presented	 in	Table	114,	 the	key	process	areas	 in	Table	115	and	
the	features	and	practices	in	Table	116.	At	the	lowest	level,	there	is	 little	collaboration	between	




The	 procurement	 involvement	maturity	model	 can	 be	 used	 in	 tandem	with	 the	 framework	 for	
purchasing	 involvement	 in	 NPD	 that	 was	 created	 by	 Wysteria,	 et	 al.	 (2000).	 The	 framework	
specifies	the	activities	that	fall	within	the	different	process	areas	and	is	available	in	Appendix	7.1:	
Framework	For	Purchasing	Involvement	 in	Product	Development.	While	both	focus	on	the	same	
levels	 and	 key	 process	 areas,	 the	 maturity	 model	 presented	 here	 mainly	 differs	 from	 the	 one	
presented	by	Wysteria,	et	al.	in	that	it	has	a	particular	focus	on	ENPD	and	that	it	elaborates	on	the	



































































































• To	 fully	 understand	 the	 environmental	 impacts	 associated	 with	 the	 supply	 chain,	









link	what	 they	 sell	 to	whom	and	 the	details	 of	what	 they	buy	 to	 the	next	 entity	 in	 the	
chain.		




• Aim	 to	 have	 a	 map	 of	 the	 supply	 chain	 in	 its	 entirety	 or	 at	 the	 least	 that	 of	 high	
environmental	 impact	 contributors.	 This	 allows	 companies	 to	 assess	 which	 supplier	
manufacturing	 sites	 and	 products	 are	 the	 most	 exposed	 allowing	 them	 to	 become	
proactive	in	introducing	counter	measures	to	improve	environmental	impact	of	products.	






• To	mitigate	 supplier	 reluctance,	 ensure	 that	 there	 are	measures	 in	 place	 and	 reassure	
suppliers	 that	 they	 can	 control	 who	 has	 access	 to	 their	 information	 and	 can	 maintain	
commercial	confidentiality.	
• Mitigate	some	of	 the	risks	of	supply	chain	 information	sharing	 through	developing	trust	




making	 it	 a	 tiresome	 exercise	 for	 any	 individual	 company	working	 in	 isolation.	 As	most	
industries	 share	 suppliers,	 the	 most	 efficient	 and	 effective	 way	 to	 do	 it	 is	 by	 working	
within	 a	 collaborative	 community,	 where	 effort	 and	 cost	 are	 shared.	 Individual	 chains	
remain	visible	only	to	individual	buyers,	but	the	mapping	effort	is	shared.		
7.2.4 KEY	RECOMMENDATIONS	
The	 following	 recommendations	 are	 made	 to	 support	 and	 improve	 how	 the	 supply	 chain	 is	
utilised	during	the	ENPD	process:	
1. Align	 environmental	 and	 supply	 chain	 considerations	with	 company	 strategy	 and	make	
them	an	 integral	part	of	product	design:	during	NPD	design	products	around	the	supply	
chain.		
2. Procurement	 and	 design	 should	 have	 a	 symbiotic	 relationship	 where	 procurement	 is	




be	 an	 integral	 and	 active	 part	 of	 a	 cross-functional	 product	 development	 team,	 and	
support	 the	development	process	by	managing	all	 supply-side	 interactions	and	ensuring	
that	there	is	a	flow	of	information	from	the	supply	chain	to	the	designers.			
4. With	 more	 supplier	 information	 coming	 into	 the	 product	 design	 process,	 ensure	 that	
designers	 are	 in	 a	 position	 to	 deal	 with	 that	 information	 in	 the	manner	 that	 results	 in	
environmental	 considerations	 being	 successfully	 integrated	 into	 the	 development	
process,	 this	 can	 be	 achieved	 by	 training	 the	 designers	 in	 eco-design	 methods	 and	
practices.		
5. Adopt	 an	 open	 approach	 to	 sharing	 information	 across	 the	 organisation	 and	 with	
suppliers	 and	 work	 on	 cultivating	 supplier	 relationships	 for	 the	 attainment	 of	 mutual	
benefits,	 this	will	create	an	openness	culture	that	results	 in	higher	 levels	of	 information	
sharing.		
6. To	 mitigate	 the	 risks	 associated	 with	 information	 sharing,	 and	 to	 avoid	 the	 negative	
consequences	 of	 providing	 accidental	 but	 harmful	 access	 to	 corporate	 information,	
ensure	 that	 supply	chain	 information	 risk	management	 is	embedded	 into	organisational	
practice	 through	 robust,	 scalable	 and	 repeatable	 processes	 that	 organisation	 to	 obtain	
assurances	 proportional	 to	 the	 risks	 faces	 such	 as	 non-disclosure	 and	 partnership	
agreements.			





A	method	 to	 ENPD	 based	 on	 the	 3DCE	 approach	 presented	 in	 Section	 3.2.1	 was	 created.	 This	
method	takes	the	form	of	a	 framework	and	 is	based	on	the	conceptual	 framework	(See	Section	
3.2)	 and	 findings	 from	 literature	 (See	 Section	 2.2).	 It	 is	 informed	 by:	 the	 analysis	 of	 existing	
available	approaches,	supports,	industry	practices,	drivers	and	requirements	relevant	to	ENPD	in	
industry;	 the	 identification	 of	 the	 criteria	 necessary	 to	 include	 in	 industry	 approaches	 to	
effectively	 support	 the	 utilisation	 of	 the	 supply	 chain	 during	 integration	 of	 environmental	
considerations	 into	 the	product	development	process;	 and	 assessment	of	 the	 ability	 of	 existing	
approaches	to	meet	the	criteria	and	the	gaps	remaining.		
The	 framework	 consists	 of	 a	 general	 guide	 to	 the	 use	 and	 attainment	 of	 supplier-specific	
information	 in	the	ENPD	process	and	a	tool	kit	of	suitable	supports.	 It	 is	designed	to	be	used	 in	
conjunction	 with	 other	 strategies	 and	 approaches	 to	 ENPD.	 While	 many	 tools	 have	 been	
developed	in	order	to	achieve	the	eco-design	objective,	most	tools	do	not	utilise	the	supply	chain	
sufficiently	nor	explicitly.	There	 is	a	 strong	need	 for	a	method	 that	 facilitates	 the	 integration	of	
reasonable	environmental	considerations	into	the	product	development	process	through	the	use	
of	 the	 supply	 chain.	 	 The	 aim	 of	 the	 supplier-specific	 information	 for	 ENPD	 framework	 is	 to	
facilitate	 the	 availability	 and	 use	 of	 supplier-specific	 information	 for	 product	 environmental	
performance	assessments	and	product	re-design	making	the	most	of	supply	chain	collaboration.	
7.3.1 PROCESS	GUIDE	
The	 guide	 to	 utilising	 supplier-specific	 information	 in	 the	 ENPD	 process	 is	 presented	 through	
Figure	57,	which	gives	an	overview	of	the	process	and	Figure	58	(presented	below)	which	focuses	
on	 the	 steps	 during	 the	 product	 design	 and	 development	 phase	 of	 the	 ENPD	 process.	 After	
sourcing	 suppliers,	 through	 supply	 chain	 mapping	 for	 information	 sharing,	 the	 procurement	
function	 collects	 information	 from	 the	 supply	 network	 regarding	 the	 suppliers	 themselves,	 the	
products	 they	 are	 providing	 and	 the	 supply	 chains	 of	 those	 products.	 This	 results	 in	 supplier-
specific	 information	 being	 available	 for	 product	 designers	 to	 use	 when	 they	 perform	 product	
environmental	 performance	 assessments	 during	 the	 design	 and	 development	 phase	 of	 the	
product	development	process.	When	selecting	components	and	materials	to	use	in	their	designs	
the	 designers	 also	 have	 to	 specify	 which	 suppliers	 will	 be	 providing	 the	 components	 and	
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materials.	This	results	in	the	designers	undertaking	preliminary	supplier	selection	and	early	green	




the	 conceptual	 framework	 (Figure	 24).	 The	 model	 outlines	 the	 process	 that	 is	 central	 to	
embedding	 early	 supply	 chain	 design	 into	 the	 ENPD	 process	 through	 preliminary	 supplier	
selection.	While	 the	 central	 concepts	 within	 the	 process	 have	 remained	 the	 same,	 there	 have	







• Solid	 arrows	 were	 added	 to	 highlight	 the	 main	 process	 of	 using	 supplier-specific	
information	during	the	ENPD	process	and	the	main	outputs.	Through	various	supply	chain	
related	 processes	 -	 starting	 with	 supplier	 sourcing	 -	 the	 supply	 chain	 related	 actors	
provide	 supplier-specific	 information	 to	 the	product	design	 related	actors	who,	 through	
various	design	related	processes	create	a	preliminary	product	supply	chain	map	which	can	
be	 used	 by	 the	 supply	 chain	 related	 actors	 to	 conduct	 the	 final	 supplier	 selection.	 The	
main	 finding	 that	 allowed	 for	 the	 addition	 of	 the	 arrows	 was	 the	 conclusion	 from	 the	
controlled	 experiments	 that	 product	 designers	 are	 able	 to	 use	 supplier-specific	
information	to	conduct	preliminary	supply	chain	design,	 this	provided	a	bridge	between	
the	supply	chain	side	and	the	product	design	side.	
• More	 specific	 supply	 chain	 related	 processes	 such	 as	 supplier	 sourcing,	 preliminary	
supplier	 selection	 and	 supplier	 management	 were	 added.	 Through	 the	 case	 study	 a	
greater	understanding	of	the	various	processes	that	the	procurement	function	undertakes	
to	 support	 the	 product	 development	 process	 and	 how	 it	 interacts	 with	 the	 external	
supply	network	was	gained,	allowing	for	more	specific	processes	to	the	outlined.		
• The	E-BOM	was	removed	as	on	output	and	the	supplier-specific	database	was	added	as	a	
tool.	 While	 it	 is	 possible	 that	 the	 E-BOM	 can	 play	 a	 role	 in	 the	 ENPD	 process,	 the	
controlled	experiments	were	able	to	simulate	the	ENPD	process	with	supply	chain	design	
without	 its	 use.	 Conversely,	 not	 included	 in	 the	 original	 process,	 the	 supplier-specific	
information	proved	 to	 be	 an	 invaluable	 part	 of	 the	process	 as	 it	 allows	 for	 information	
from	the	supply	side	to	be	available	to	designers	in	a	manner	that	is	digestible.		
Figure	58	(presented	below)	is	an	evolved	combination	of	Figure	20	and	Figure	21,	the	two	figures	
combine	 to	 show	 the	 steps	 within	 the	 product	 design	 and	 development	 phase	 of	 the	 ENPD	
process.		Additionally,	arrows	were	added	to	highlight	the	supply	function	related	processes	that	
result	 in	 supplier-specific	 information	 that	 can	 be	 used	 to	 inform	design	 related	 processes.	 For	
example,	during	the	concept	development	step	the	supply	function	can	produce	supplier-specific	
information	 through	preliminary	 supplier	 section,	 this	 information	 can	 then	be	 provided	 to	 the	
design	 function	 for	 use	 in	 the	 evaluation	 of	 impact	 concepts.	 These	 iterations	 were	 made	 in	

















with	 3DCE-based	 approaches	 to	 ENPD.	 	 As	 the	 aim	of	 the	 research	 project	was	 to	 explore	 and	
investigate	 the	 potential	 of	 a	 3DCE-based	 approach	 to	 ENPD	 (See	 Section	 3.4),	 the	 tools	 were	
proposed	but	not	tested.	These	tools	were	proposed	after	an	understanding	of	adopting	a	3DCE-
based	 approach	 to	 ENPD	was	 established;	 further	work	 can	 be	 carried	 out	 to	 test,	 iterate	 and	
validate	the	tools.		
TABLE	117:	SUPPLIER-SPECIFIC	INFORMATION	IN	ENPD	TOOL	KIT	
TOOL	 USED	BY	 STATE	 DETAILS	
SUPPLIER-SPECIFIC	INFORMATION	
DATABASE	 Design	Function	Procurement	Function	 Suggested;	Concept	used	in	Controlled	Experiments	 See	Section	6.9	



















involvement	 during	 the	 ENPD	 process	 and	 ensure	 that	 this	 research	 project	 has	 the	 desired	
impact	on	 industrial	practice;	 it	 is	necessary	to	check	the	confidence	 in	 its	 findings,	outputs	and	
conclusions.	The	quality	of	a	mixed	methods	study	is	directly	dependent	on	the	purpose	for	which	
the	mixing	of	approaches	was	deemed	necessary	in	that	study	(Teedlie	and	Tashakkori,	2009).	As	




















The	 accuracy	 and	 precision	 of	 the	
data.	 Also	 concerns	 the	
appropriateness	 of	 the	 data	 in	
terms	of	what	is	being	researched.	
There	 is	 an	 audit	 trail	 showing	 the	 connections	
between	the	data	and	interpretations	(through	the	
data,	 codes,	 and	 memos).	 The	 material	 is	
presented	 in	 a	 manner	 that	 allows	 other	




by	an	 inquiry	 in	 terms	of	how	well	
they	 are	 supported	 by	 informants	
involved	in	the	study.	
Member	 checks,	 where	 research	 participants	
checked	data	and	interpretations	were	performed.	
One	 component	 selection	 exercise	 participant	
read	and	approved	of	the	analysis	outputs	related	
to	 their	 exercise	 execution	 and	 one	 case	 study	
informant	 read	 and	 approved	 the	 case	 study	
report	related	to	their	case.		
DEPENDABILITY	
Refers	 to	 the	 stability	 or	
consistency	 of	 the	 inquiry	




Refers	 to	 the	 applicability	 of	
findings	 in	one	context	 (where	 the	
research	is	done)	to	other	contexts	
or	 settings	 (where	 the	
interpretations	 might	 be	
transferred).	
There	 was	 purposive	 sampling	 to	 illustrate	
pertinent	 issues	and	 factors	when	comparing	 two	
contexts	and	making	judgements	about	similarities	
between	 cases.	 This	 is	 exemplified	 in	 the	 use	 of	
both	students	and	professionals	in	the	component	
















Refers	 to	 correlation	questions	 (cause	
and	effect)	and	to	the	extent	to	which	
causal	conclusions	can	be	drawn.	
Ensuring	 that	 the	 participants	 used	 in	 the	
experiments	 were	 as	 similar	 to	 each	 other	 as	




The	 extent	 to	 which	 it	 is	 possible	 to	
generalise	 from	 data	 to	 a	 larger	
population	or	setting.	
The	 participants	 used	 in	 the	 experiments	 had	
characteristics	 that	 closely	 matched	 designers	 in	




Concerned	 with	 the	 measurement	 of	
abstract	concepts	and	traits.	
An	 eco-design	 expert,	 was	 consulted	 to	 check	




The	 extent	 to	 which	 the	 study	 has	
made	 use	 of	 appropriate	 design	 and	
statistical	methods	that	will	allow	it	to	
detect	effects	that	are	present.	
The	 statistical	 analysis	 was	 checked	 by	MASH,	 an	
institutional	mathematics	 resources	 centre,	which	






The	 product	 and	 information	 used	 in	 the	
experiments	 was	 heavily	 based	 on	 a	 real-life	
product.	
RELIABILITY	 Indication	of	consistency	between	two	measures	of	the	same	thing.	







collected	 data	 (Teddlie	 and	 Tashakkori,	 2009);	 the	 findings	 and	 drawn	 conclusions	 are	 only	 as	
good	as	 the	data	on	which	 they	are	based	 (Punch,	2005).	 Inference	quality	 is	 the	 term	used	 to	
address	 validity	 claims	 and	 is	 defined	 as	 defined	 as	 how	 well	 the	 results	 can	 be	 trusted	












Design	 quality	 refers	 to	 the	 degree	 to	 which	 the	 researcher	 utilised	 the	 most	 appropriate	
procedures	 for	 answering	 the	 research	 questions	 and	 implemented	 them	 effectively.	 Bergman	
(2008)	 posits	 that	 there	 are	 four	 basic	 standards	 for	 quality	 of	 research	 design	 and	 its	
implementation;	these	are	as	follows:	
• Research	 Design	 Suitability	 –	Was	 the	 method	 of	 study	 appropriate	 for	 answering	 the	
research	questions?	












obtained	 results	 (Tashakkori	 and	 Teddle,	 2003).	 In	 order	 to	 assess	 such	 rigor,	 and	 improve	 the	
quality	of	inferences,	the	following	five	criteria	or	standards	have	to	be	met	(Bergman,	2008):	
• Interpretive	Consistency	–	Does	each	conclusion	closely	follow	the	findings?	






• Integrative	 Efficacy	 –	 The	 degree	 to	 which	 inferences	 made	 in	 each	 strand	 of	 mixed	
methods	study	are	effectively	integrated	into	a	theoretically	consistent	meta-inference.	
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Even	with	a	 strong	and	well-implemented	procedure,	 it	 is	plausible	 that	one	might	 fail	 to	make	
credible	 and	 defensible	 inferences.	 To	 ensure	 that	 this	 was	 not	 the	 case	 within	 this	 research	
project,	all	inferences	were	made	in	a	consistent	manner	in	terms	of	type,	scope	and	intensity	and	
were	 consistent	 with	 literature	 around	 the	 appropriate	 and	 relevant	 subject	 areas.	 Care	 was	
taken	to	ensure	that	causal	inferences	were	not	made	on	the	basis	of	correlation	in	quantitative	
data	 and	 that	 strong	 conclusions	 and	 recommendations	 were	 not	 made	 based	 on	 limited	
evidence.	Using	the	same	methods	and	data,	researchers	are	likely	to	draw	the	same	conclusions	
showing	that	the	inferences	made	within	this	study	are	more	plausible	than	any	other	conclusions	
that	 could	 be	 made	 on	 the	 basis	 of	 the	 same	 results.	 Elements	 of	 this	 research	 project	 were	
checked	 and	 accepted	by	 other	 researchers,	 thus	 validating	 some	of	 the	 inferences	made.	 This	
includes	 through	 peer	 reviewed	 conference	 papers	 (See	 Publications	 Section),	 presenting	 and	
developing	the	research	design	at	the	Summer	School	on	Engineering	Design	Research.		
The	 technique	 of	 peer	 debriefing,	 a	 process	 where	 by	 a	 researcher	 calls	 upon	 a	 disinterested	
peer—a	 peer	 who	 is	 not	 involved	 in	 the	 research	 project—to	 aid	 in	 probing	 the	 researcher's	





Technische	 (Ilmenau	University	 of	 Technology),	 Prof.	 Lucienne	Blessing	 (Singapore	University	 of	
Technology	 and	 Design),	 Prof.	 Janet	 McDonnell	 (University	 of	 the	 Arts	 London)	 and	 Dr.	 Ian	
Whitfield	(University	of	Strathclyde).		
Data	Quality	
Data	quality	 is	 related	 to	 trustworthiness;	 trustworthiness	 is	a	global	concept	 that	 indicates	 the	




Prolonged	 engagement	 allows	 the	 researcher	 to	 become	 more	 aware	 of	 multiple	 stakeholder	
perspectives	 and	 contextual	 factors	 that	 affect	 the	 topic	 being	 researched	 (Teddlie	 and	








A	reflective	 journal,	which	provides	 information	 for	all	 four	 trustworthiness	criteria,	 is	a	kind	of	
diary	 in	 which	 the	 researcher	 on	 a	 daily	 basis,	 or	 as	 needed,	 records	 a	 variety	 of	 information	











was	 not	 sure	 about	 the	 ethical	 implications	 of	 certain	 actions,	 the	 Department	 of	 Mechanical	
Engineering’s	Ethical	Officer	was	consulted.	As	a	representative	of	 the	University	of	Bath	whose	




Virtually	 all	 research	 projects	 have	 inherent	 flaws;	 the	 major	 influencing	 factors	 of	 a	 research	
project	 can	be	understood	 through	 its	delimitations,	 limitations	 and	assumptions.	Delimitations	
refer	to	the	characteristics	that	 limit	the	scope	and	define	the	boundary	of	the	study	and	are	 in	
the	 researchers	 control,	 limitations	 are	 potential	 weaknesses	 in	 the	 study	 that	 are	 out	 of	 the	

























This	chapter	 focuses	on	the	outputs	of	 the	research	work	 that	was	undertaken.	 It	discusses	 the	
main	 findings	 and	 insights	 of	 the	 research	 study,	 along	with	 their	 implications	 on	 practice	 and	
relation	 to	 literature.	 Following	 that,	 four	 mechanisms	 that	 were	 developed	 to	 support	 3DCE-







overall	 quality	 of	 this	 research	 project	 by	 addressing	 issues	 relating	 to	 quantitative,	 qualitative	
and	mixed	method	strands	of	 the	project.	This	 is	essential	 in	 instilling	confidence	 in	 its	 findings,	































































Today,	 no	 business	 operates	 in	 a	 vacuum	 unaffected	 by	 market	 forces;	 by	 their	 very	 nature	
business	 activities	 are	 competitive.	 Within	 a	 dynamic,	 rapidly	 changing	 business	 environment	





both	 consumer	 preferences	 and	 corporate	 strategy,	 some	 organisations	 are	 enhancing	 their	
competitiveness	through	environmental	new	product	development	(ENPD)	as	they	aim	to	create	
environmentally	 competitive	 product	 offerings.	 The	 ability	 to	 successfully	 integrate	
environmental	 considerations	 into	 the	 new	 product	 development	 process	 to	 can	 be	 anything	
from:	the	key	to	meeting	trending	market	needs;	a	source	of	advantage	over	competitors;	or	the	
essential	to	survival.		




contends	 that	 3DCE-based	 approaches	 can	 be	 effectively	 used	 to	 more	 effectively	 integrate	
environmental	considerations	into	the	NPD	process.			
Research	 Aim:	 Explore	 and	 investigate	 the	 potential	 role	 and	 utilisation	 of	 the	
supply	 chain,	 through	 a	 3DCE-based	 approach,	 during	 the	 integration	 of	
environmental	considerations	into	the	new	product	development	process.	
While	environmental	concerns	can	be	integrated	into	the	NPD	process	without	3DCE,	the	added	




can	 aid	 in	 the	 successful	 integration	of	 environmental	 considerations,	 allowing	organisations	 to	




the	 form	 of	 a	 mixed-methods	 study	 with	 three	 distinct	 phases:	 the	 first,	 a	 multi-case	 study	
exploring	the	supply	chain	management	and	the	NPD	process;	the	second,	controlled	experiments	
exploring	the	impact	of	early	supply	chain	design	during	ENPD;	and	the	third,	the	development	of	
research	 outputs	 based	 on	 the	 insights	 gained	 from	 the	 first	 two	 phases.	 Through	 the	 work	















As	 evidenced	 by	 the	 ENPD	 practising	 case	 companies	 in	 the	multi-case	 study,	when	
transitioning	 to	 ENPD	 environmental	 and	 supply	 chain	 considerations	 should	 be	 an	
integral	part	of	the	product	design	and	be	aligned	with	company	strategy	(Finding	A).	
As	part	of	a	cross-functional	product	development	team,	the	supply	chain	department	
can	 support	 the	 product	 development	 process	 by	 having	 all	 supply	 side	 interactions	
consolidated	and	managed	by	the	procurement	function	(Finding	G).	The	procurement	
function	 should	be	 involved	early	 in	 the	 to	 ensure	adequate	 flow	of	 supplier-specific	
information	from	the	supply	chain	to	the	designers	(Finding	I).	It	is	those	organisations	
that	 already	 have	 the	 procurement	 function	 supporting	 the	 product	 development	
process	 that	 are	 in	 a	 better	 position	 to	 adopt	 3DCE-based	 approaches	 to	 ENPD	
(Finding	B).		
The	controlled	experiments	showed	that	supply	chain	design	considerations	are	not	as	
embedded	 into	 the	 designers’	 decision-making	 processes	 as	 much	 as	 product	 and	
process	 design	 considerations	 (Finding	 R),	 however,	 when	 transitioning	 to	 a	 3DCE	
based	approach	to	ENPD,	designers	are	able	to	practice	early	supply	chain	design	by	
undertaking	 preliminary	 supplier	 selection	 during	 the	 design	 process	 and	 using	
supplier-specific	 information	 in	 their	 environmental	 considerations	 (Finding	 S).	 The	
availability	of	supplier	specific	information	during	the	design	process	allows	designers	
to	consider	not	just	the	environmental	attributes	of	the	product	but	also	the	suppliers	
of	 its	 components	 (Finding	 J)	 and	designers	are	able	 to	adequately	 exploit	 it	 for	 the	
benefit	 of	 ENPD	 objectives	 (Finding	 K).	 However,	 to	 aid	 the	 preliminary	 supplier	
selection	it	is	important	that	designers	are	adequately	trained	in	supplier	selection	and	
supply	 chain	design	principles	and	 supported	by	 the	 supply	department	 (Finding	W).	
Providing	the	supplier-specific	 information	to	the	designers	 in	the	form	of	a	supplier-
specific	 database	 pushes	 the	 information	 that	 is	 required	 for	 ENPD	 to	 designers	
negating	 the	 need	 for	 them	 to	 pull	 it	 out	 (Finding	 F).	 Through	 the	 use	 of	 supplier	
specific	 information,	 designers	 make	 the	 least	 assumptions	 and	 more	 consistent	
decisions	during	the	ENPD	process	(Finding	T).	That	the	participants	of	the	controlled	
experiments,	with	basic	 levels	of	eco-design	principles,	were	able	 to	design	products	
with	 improved	 product	 environmental	 performance	 and	 supply	 chain	 greenness	
(Finding	V)	suggests	that	‘normal’	designers	might	be	able	to	attain	the	same	results	
as	 eco-designers	 if	 they	 are	 provided	 with	 the	 relevant	 information	 they	 require	 to	
make	informed	decisions	(Finding	U).		
RQ2:	What	are	 the	challenges	associated	with	 supply	 chain	 information	 sharing	and	




information	 technology	 (Finding	 X)	 as	 companies	 are	 reluctant	 to	 share	 information	
due	 to	 unequal	 distribution	 of	 risks,	 costs	 and	 benefits	 (Finding	 C).	 In	 particular,	
information	sharing	behaviours	surrounding	environmental	sustainability	can	typically	
be	 split	 into	 two	 based	 on	 company	 size;	 large	 organisations	 tend	 to	 possess	 the	
resources	 required	 to	 attain	 product	 environmental	 performance	 information	
pertaining	 to	 their	 products	 and	 publish	 it	 openly	 while	 SMEs	 do	 not	 possess	 the	
resources	 to	 do	 so	 and	 thus	 do	 not	 share	 such	 information	 (Finding	 M).	 The	
procurement	company	case	studies	showed	that	supply	chain	information	sharing	can	
be	 aided	 by	 adopting	 an	 open	 approach	 and	 cultivating	 supplier	 relations	 for	 the	
attainment	of	mutual	benefits	 through	 relationship-based	supplier	 collaboration	and	
strategic	 supplier	 relationship	 management	 (Finding	 L).	 To	 ensure	 that	 supplier-
specific	 information	 flows	 from	 the	 supply	 chain	 to	 the	designers,	 it	 is	 essential	 that	
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the	 procurement	 function	 manages	 supply	 side	 interactions,	 as	 they	 have	 the	
necessary	expertise	 (Finding	G).	As	was	experienced	by	some	of	 the	case	companies,	
requesting	information	directly	from	the	source	for	ENPD	can	have	the	added	benefit	
of	 fostering	 improved	 environmental	 awareness	 on	 the	 part	 of	 the	 supplier	 (Finding	
N).	 To	manage	 the	 risk	 inherent	 in	 information	 sharing,	 organisations	 should	 adopt	
robust,	 scalable	 and	 repeatable	 processes	 that	 allow	 them	 to	 obtain	 assurance	
proportional	 to	the	risks	they	face	(Finding	P).	Additionally,	 the	widespread	use	of	 IT	
and	attempts	at	consolidating	supply	 information	sharing	efforts	across	 the	 industry	
by	the	case	companies	can	be	used	to	address	some	of	the	challenges	associated	with	
supply	chain	information	sharing	(Finding	Q).		
RQ3:	What	 is	 the	 state	 of	 supply	 chain	 awareness	 in	 companies	 and	 how	 can	 it	 be	
improved	for	the	benefit	of	supply	chain	information	sharing?		
As	 evidenced	 by	 the	 case	 companies,	 organisations	 have	 awareness	 of	 their	 tier	 1	
suppliers,	 beyond	 that	 the	 levels	 of	 awareness	 vary	 as	 they	 typically	 do	 not	 have	
relationships	with	suppliers	past	the	first	tier	due	to	visibility	and	influence	decreasing	
upstream	(Finding	Y).	The	practice	of	multi-sourcing	also	 increases	 the	complexity	of	
supply	 chain	mapping	making	whole	 supply	 chains	 too	 complex	 to	map	 (Finding	 Z).	
Supply	chain	mapping	can	be	improved	for	the	benefit	of	information	sharing	by	being	
intrinsically	linked	to	the	purpose	of	undertaking	the	exercise,	in	the	case	of	ENPD	this	








Through	 the	 multi-case	 study,	 it	 was	 established	 that	 the	 procurement	 function	 is	
required	 to	 play	 a	 vital	 role	 in	 the	 product	 design	 and	 development	 phase	 of	 the	






based	 approach	 would	 put	 specific	 requirements	 on	 product	 designers	 as	 they	 will	
assume	 the	 responsibility	 for	 preliminary	 supplier	 selection	 as	 they	 integrate	





Based	 on	 the	 insights	 and	 outputs	 from	 the	 multi-case	 study	 and	 the	 component	
selection	exercises,	a	3DCE-based	method	to	ENPD	was	developed.	The	method	takes	
the	 form	 of	 a	 framework	 that	 is	 comprised	 of	 a	 process	 guide	 and	 a	 toolkit	 (see	
Section	 7.3).	 The	 supplier-specific	 information	 in	 ENPD	 framework	 allows	 for	 the	
utilisation	 of	 the	 supply	 chain	 during	 the	 ENPD	process	 through	 the	 use	 of	 supplier-
specific	 information.	 The	 process	 incorporates	 supply	 chain	 mapping,	 supply	 chain	
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information	 sharing,	 supplier	 selection,	 green	 supply	 chain	 design	 and	 product	
environmental	 performance	 assessment.	 The	 toolkit	 is	 comprised	 of	 tools	 that	were	
developed	 or	 explored	 that	 can	 support	 the	 implementation	 of	 the	 process.	 The	
framework	 elements	 cover	 all	 three	 internal	 levels	 of	 the	 organisation	 (strategic,	




identified	 environmental	 considerations	 into	 the	 product	 development	 process	
through	the	use	of	real	supply	chain	information.		
RO3:	Critically	assess	 the	 impact	of	early	 supply	 chain	design	on	environmental	new	
product	development	outputs.	
The	 impact	 of	 having	 supplier-specific	 information	 -	 which	 allows	 designers	 to	
simultaneously	 design	 product	 and	 supply	 -	 during	 the	 ENPD	 process	 was	 assessed	
during	 the	 controlled	 experiments.	 The	 ENPD	 outputs	 investigated	 were	 product	
environmental	performance,	product	cost	and	supply	chain	greenness.	The	 results	of	
the	 inferential	 statistics	 analysis	 on	 the	 participants’	 outputs	 showed	 that	 while	
supplier-specific	information	had	no	statistically	significant	impact	on	the	product	cost	
(HF1),	 it	 has	 a	 statistically	 significant	 impact	 on	 the	 supply	 chain	 greenness	 (HE1).	
Overall,	during	the	exercises,	the	designers	were	willing	to	pay	more	to	have	products	
with	 improved	 environmental	 performance	 (HA1)	 and	 supply	 chain	 greenness	 (HB1).	
However,	when	presented	with	 cost	 information,	 the	designers	 tended	 to	 spend	 less	




The	 insights	 and	 outputs	 from	 the	multi-case	 study	 and	 the	 controlled	 experiments	
were	used	together	to	inform	the	development	of	mechanisms	to	support	and	improve	
how	 the	 supply	 chain	 is	 utilised	 during	 the	 ENPD	 process.	 This	 resulted	 in	 the	
formulation	of	the	following	tools:		
o Cost	per	%	PEP	Derived	Unit	–	A	unit	used	to	quantify	the	product	environmental	




o Procurement	 Involvement	 in	ENPD	Maturity	Model	–	A	process	maturity	model	
of	the	procurement	function’s	involvement	in	ENPD	that	serves	as	an	audit	tool	
to	assess	and	guide	how	 the	procurement	 function	 is	 involved	 in	and	 supports	
the	 design	 function	 during	 ENPD.	 This	 tool	 is	 based	 on	 the	 framework	 for	
purchasing	 involvement	 in	NPD	 that	was	 created	 by	Wysteria,	 et	 al.	 (2000);	 it	
has	a	particular	focus	on	ENPD	and	elaborates	on	the	practices	and	features	that	
relate	 to	 both	 design	 and	 procurement	 functions,	 unlike	 the	 Wysteria,	 et	 al.	
framework	which	only	focuses	on	the	procurement	function.		
o Supplier-Specific	 Information	Database	–	A	database	 that	contains	 information	
that	 relates	 to	 suppliers	 (e.g.	 location,	 transport	 methods,	 certifications,	
environmental	practices	etc.)	which	can	be	used	by	product	designers	during	the	
ENPD	process.	The	database	is	based	on	a	combination	of	the	supplier	database	





that	 are	 used	 to	 guide	 the	 process	 and	 as	 a	 check	 to	 assess	 if	 typical	
requirements	 have	 been	 fulfilled.	 The	 guidelines	were	 developed	 based	 on	 the	
findings	of	the	multi-case	study.		
o Key	Recommendations	–	A	 list	of	 recommendations	that	address	various	 issues	






Upon	 completion	 of	 the	main	 research	 activity,	 revisions	 were	made	 to	 the	 proposed	 process	
model	for	ENPD	with	early	supply	chain	design	that	was	presented	in	Section	3.2.3	as	part	of	the	
preliminary	 framework.	 The	 revised	model,	 shown	 in	 Figure	 57,	 is	 an	 evolution	of	 the	previous	
model,	shown	in	Figure	24.	The	elements	in	the	revised	framework	are	those	that	are	suggested	
by	the	findings	from	the	research;	while	the	central	concepts	within	the	model	have	remained	the	
same,	 the	 revised	 model	 contains	 fewer	 elements,	 outlines	 the	 process	 that	 is	 central	 to	
embedding	 early	 supply	 chain	 design	 into	 the	 ENPD	 process	 through	 preliminary	 supplier	
selection	 and	 highlights	 the	 supply	 chain-	 and	 product-related	 actions	 and	 actors	 when	 supply	
chain	 design	 is	 conducted	 during	 the	 ENPD	 process.	 Section	 7.3	 contains	 detailed	 information	




By	 fulfilling	 its	aim	of	exploring	and	 investigating	 the	potential	 role	and	utilisation	of	 the	supply	
chain,	 through	 a	 3DCE-based	 approach,	 during	 the	 integration	 of	 environmental	 considerations	




demonstrate	 that	 ERM	 efforts	 can	 support	 both	 traditional	 and	 environmental	 product	
development	 goals,	 they	 concluded	 that	 adopting	 a	 3DCE	 theoretical	 lens	was	 beneficial	when	
investigating	ENPD.	This	study	supports	this	view	of	3DCE	as	it	was	able	to	effectively	use	3DCE	as	
a	 theoretical	 lens	 for	 demonstrating	 that	 supply	 chain	 efforts	 can	 support	 the	 integration	 of	
environmental	considerations	into	the	NPD	process.	In	addition	to	adopting	3DCE	as	a	theoretical	
lens,	 this	 study	 also	 builds	 on	 the	 work	 of	 Ellram	 et	 al	 (2007)	 adding	 to	 their	 existing	 3DCE	
theoretical	 framework	 through	 the	 development	 of	 a	 supply	 chain	 design	 in	 ENPD	 framework.	




The	 findings	 of	 this	 study	 advocate	 for	 the	 early	 involvement	 of	 procurement	 in	 ENPD;	 the	
procurement	 function	 can	 actively	 support	 the	 design	 function	 during	 the	 design	 and	
development	phase	by	consolidating	the	company’s	product	design-	and	supply-based	supply-side	
interactions.	The	view	that	the	procurement	function	can	assume	a	new	‘dual’	role	for	the	benefit	
product	 development	 efforts	 supports	 that	 by	 Schiele	 (2010).	 Schiele	 (2010)	 suggests	 that	 in	
addition	 to	 its	 role	 of	 managing	 overall	 costs	 and	 integration,	 the	 procurement	 function	 can	
support	NPD	by	implementing	an	advanced	sourcing	department	as	an	organisational	unit,	using	
‘innovation	 meetings’	 with	 suppliers	 as	 a	 tool	 and	 employing	 technology	 roadmaps	 to	 link	 in-	
novation	 and	 sourcing	 strategies.	 By	 suggesting	 the	 procurement	 function	 manages	 and	
consolidates	all	of	the	product	design-	and	supply-based	supply-side	interactions,	this	study	adds	
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to	 how	 the	 procurement	 function	 can	 support	NPD	 efforts.	 Additionally,	 this	 study	 revisits	 and	




During	 this	 study,	 environmental	 considerations	 were	 successfully	 integrated	 into	 the	 product	
development	 process	 through	 the	 designers’	 practice	 of	 early	 supply	 chain	 design	 and	 use	 of	
supplier	specific	information	showing	how	a	supply	chain	perspective	can	be	applied	to	ENPD.	As	
the	 environmental	 performance	 of	 a	 product	 is	 the	 combination	 of	 its	 environmental	 impact	






Through	 preliminary	 supplier	 selection,	 supply	 chain	 design	 was	 successfully	 re-contextualised	
from	a	procurement	function	based	activity	to	a	technique	that	can	be	used	by	product	designers.	
Supply	chain	design	during	the	product	design	and	development	phase	results	in	the	availability	of	
supplier-specific	 information	 for	use	 in	product	environmental	performance	assessments	during	
ENPD.	This	work	explicitly	demonstrated	the	relationship	between	green	supply	chain	design	and	







chain	 mapping	 that	 is	 intrinsically	 linked	 to	 understanding	 the	 lifecycle	 impacts	 of	 bought	 in	
products,	a	process	 that	 is	not	without	 its	 challenges.	Essentially,	 information	 sharing	problems	
were	 categorised	 as	 related	 to:	 willingness	 to	 share;	 availability	 of	 information	 or	 information	
technology,	 and	 it	 was	 deemed	 paramount	 that	 the	 supply	 chain	 mapping	 be	 strategic	 and	
intrinsically	 linked	to	 linked	to	 the	purpose	of	 its	undertaking	 the	exercise,	which	 in	 the	case	of	
ENPD	 this	 is	gaining	an	understanding	of	 the	 lifecycle	 impacts	of	bought	 in	products.	While	 the	
categorisation	 of	 information	 sharing	 challenges	 differs	 from	 that	 currently	 found	 in	 literature,	
the	 two	 are	 complementary	 and	 not	 contradictory.	 Durbin	 posits	 that	 the	 main	 supply	 chain	
information	 sharing	 challenges	 are	 related	 to:	 lack	 of	 awareness	 of	 sensitive	 information	 being	
shared	in	contracts;	too	many	contracts	to	assess	 individually;	and	lack	of	visibility	and	controls.	
Cohen	 (2000)	 and	 Swaminathan	 et	 al.,	 (1997)	 cite	 high	 adoption	 cost	 of	 joining	 the	 inter-
organisational	 information	system,	expensive	 technology	 investment,	personnel	 training,	 lack	of	
mutual	 trust	 as	 barriers	 to	 supply	 chain	 mapping.	 The	 challenges	 available	 in	 the	 literature	
support	the	categories	presented	in	this	work	as	they	adequately	fit	into	them.	Within	this	study,	
the	 challenge	of	 lack	of	 visibility	was	explored	 through	 supply	 chain	mapping.	As	was	 found	by	




Typically	 within	 ENPD,	 the	 three	 key	 objectives	 that	 are	 used	 for	 decision	making	 are	 product	
performance,	 product	 cost,	 development	 cost,	 development	 speed,	 and	product	 environmental	
performance	(Kaebernick	et	al.,	2003),	this	study	expands	this	view	by	positing	that	the	product	
environmental	performance	objective	should	 include	not	only	 the	environmental	aspects	of	 the	
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product	 but	 also	 of	 its	 supply	 chain.	 This	 can	 be	 achieved	 through	 the	 use	 of	 supplier-specific	
information.	 To	 do	 this,	 designers	 need	 to	 effectively	 take	 into	 consideration,	 not	 only	 the	
environmental	 information	 relating	 to	 the	 technical	performance	of	 components	and	materials,	
they	also	need	to	consider	the	profiles	and	environmental	activities	of	the	suppliers	of	themselves	
when	 they	 determine	 the	 environmental	 performance.	 When	 supplied	 with	 supplier	 specific	
information,	 designers	were	 found	 to	make	 fewer	 assumptions	 and	more	 consistent	 decisions,	
and	are	able	to	exploit	the	information	for	the	benefit	of	ENPD	objectives.	This	is	in	line	with	the	
findings	by	Green	(2013)	that	42%	of	global	business	 leaders	don’t	have	confidence	 in	decisions	
made	 due	 to	 a	 lack	 of	 information;	 such	 decisions	 are	 typically	 inconsistent	 and	 based	 on	
assumptions.	 The	 use	 of	 supplier	 specific	 information	 ensures	 that	 the	 designers	 have	 the	
information	they	require	to	make	informed	decisions.	
It	was	 previously	 though	 the	 use	 of	 standardised	 questionnaires	 (Andersen	 and	 Choong,	 1997;	
Brink	 et	 al.,	 1998)	 that	 environmental	 information	moved	 through	 the	 supply	 chain	 to	 product	
designers.	With	the	rising	use	of	EMSs,	this	study	explored	the	plausibility	of	using	EMSs	instead	
to	 move	 environmental	 information	 through	 the	 supply	 chain	 to	 product	 designers	 as	 supply	
chain	departments	that	practice	green	supply	chain	management	typically	evaluate	their	suppliers	
based	 on	 environmental	 criteria	 and	 have	 a	 requirement	 that	 suppliers	 develop	 and	 maintain	
some	form	of	EMS	(Zhu	et	al.,	2012;	Zhu	et	al.,	2005;	Large	and	Thomsen,	2011;	Min	and	Galle,	




A	 wide	 range	 of	 original	 tools	 and	 technics	 that	 can	 be	 used	 in	 industry-	 and	 research-based	
contexts	to	facilitate	the	use	of	the	supply	chain	during	the	ENPD	process	and	allow	for	a	deeper	








The	 implications	 from	 this	 work	 can	 be	 considered	 as	 two-fold,	 those	 that	 impact	 academia	




developing	 findings	 of	 practical	 relevance	 to	 industry,	 this	 study	 not	 only	 improves	 industry	
understanding	 of	 various	 organisational	 issues	 that	 surround	 the	 integration	 of	 environmental	
considerations	into	the	product	development	process,	it	also	proposes	pragmatic	mechanisms	to	
support	 organisational	 ENPD	 efforts.	 Through	 the	 findings	 of	 this	 research	 project,	 industry	
practitioners	 are	 made	 aware	 of	 the	 importance	 and	 usefulness	 of	 suppliers	 during	 the	 ENPD	
process,	 prompting	 them	 to	 view	 suppliers	 differently	 and	 actively	 include	 them	 in	 the	 ENPD	
process.	Additionally,	 the	outputs	of	 this	 research	project	give	 industry	a	good	starting	point	by	












keeping	with	 the	 traditional	mode	of	 diaristic	writing,	 the	 summary	will	 be	written	 from	a	 first	
person	perspective.		
The	 research	 that	 is	 presented	 in	 this	 thesis	 started	 as	 a	 continuation	 of	 the	
research	work	 that	 I	 had	undertaken	 for	my	Masters	dissertation.	 In	 that	work,	 I	
had	 looked	 into	 supply	 chain	 collaboration	 in	 new	product	 development	 (SCNPD)	
from	 the	perspective	of	 the	 suppliers	being	 incorporated	 into	other	organisations	
product	 development	 process.	 It	 synchronised	well	with	 another	 research	 project	
that	I	was	working	on;	the	G.EN.ESI	project	was	a	collaborative	project	 looking	to	
develop	 software	 and	 a	 methodology	 for	 eco-design.	 Within	 that	 project,	 I	 was	
mainly	responsible	for	supply	chain	collaboration	issues,	particularly	those	relating	
to	 supply	 chain	 information	 sharing.	When	 I	 accepted	 to	 work	 on	 that	 project	 I	
wasn’t	 particularly	 interested	 in	 the	 environmental	 aspect	 of	 it,	 I	 was	 more	
interested	 in	 continuing	 to	 explore	 the	 intricacies	 of	 supply-chain	 collaboration.	




research	 but	 could	 potentially	 pigeonhole	me	 as	 a	 researcher.	 However,	 through	
working	 on	 the	 G.EN.ESI	 project	 I	 learnt	 more	 about	 issues	 of	 environmental	
sustainability	and	environmental	new	product	development	from	literature	and	the	
people	 that	 I	was	working	an	 interacting	with.	 Soon	 I	was	 convinced	not	 only	 to	
have	 elements	of	 ENPD	 in	my	project	 but	also	 to	make	 it	 the	 focus	of	 the	whole	
project.	Not	only	was	there	was	an	undeniable	synergy	between	ENPD	and	SCNPD	
which	 piqued	 my	 interest,	 but	 the	 social	 climate	 made	 a	 strong	 case	 for	 the	
relevance	of	research	into	the	organisational	implementation	of	ENPD.	Research	in	
this	field	was	not	only	relevant	but	its	relevance	looked	to	only	increase	with	time.	
Looking	 back	 to	 when	 I	 started	 this	 research	 project	 three	 years	 ago	 I	 can	
unequivocally	 say	 that	 environmental	 issues	 seem	more	pertinent	 now	 than	 they	
were	back	then.		




approaches	 and	 how	 they	 relate	 to	 each	 other,	 as	 it	 ensures	 that	 the	 generated	
research	design	is	comprised	of	complementary	components	that	collectively	work	
towards	 generating	 a	 valid	 answer	 to	 the	 research	 questions.	 It	 can	 be	 a	
particularly	 challenging	 methodology,	 especially	 when	 compared	 to	 quantitative	
and	qualitative	research	separately.	When	it	came	to	deciding	on	a	methodology	to	
use,	 I	did	not	devote	too	much	musing	over	different	approaches	to	 inquiry.	 I	had	
prior	 experience	 of	 using	 the	mixed-methods	methodology,	 I	 had	 used	 it	 for	 the	
SCNPD	research,	and	 I	was	comfortable	with	 it	and	confident	that	the	theoretical	
positions	that	underpin	it	were	well	suited	to	the	ENPD	study.	As	a	consequence	of	
my	 confidence	 in	 the	methodology,	 gained	 from	 experience,	 I	moved	 away	 from	
engaging	 in	 academic	 debates	 concerning	 the	 primacy	 of	 particular	 research	
paradigms	within	 the	 community	of	 scholars.	 Through	 the	process	of	working	on	





I	 felt	 like	 the	 component	 selection	 exercises	 were	 the	 most	 creative	 part	 of	 the	
study.	When	 I	 started	 designing	 them	all	 I	 had	was	 technical	 and	 environmental	
performance	 information,	 a	 product	 specification	 and	 a	 parts	 list	 relating	 to	 an	
existing	 cooker	 hood.	 I	 was	 able	 to	 use	 that	 information	 and	 some	 working	
knowledge	 that	 I	 had	 gained	 on	 how	 cooker	 hoods	work	 though	working	 on	 the	
G.EN.ESI	 project	 and	 working	 with	 one	 of	 the	 companies	 used	 as	 a	 case	 in	 this	
study	 to	 create	 a	 CAD	 model	 of	 a	 cooker	 hood	 for	 the	 component	 selection	
exercises.	This	allowed	me	to	create	technical	drawings	that	I	would	supply	to	the	
participants	of	 the	exercises.	 I	also	created	a	history	behind	the	company	that,	 in	
turn,	a	history	behind	the	product	its	self;	this	included	a	product	series	history	that	
would	put	 into	context	why	this	new	product	was	to	have	a	better	environmental	
performance	 than	 its	 predecessor.	 What	 I	 wanted	 to	 do	 was	 to	 create	 a	 fully	
immersive	design	 scenario	where	 the	participants	 felt	 like	 they	were	undertaking	
an	actual	redesign	of	the	product.		
Even	though	what	I	was	really	interested	in	was	how	the	participants	would	select	
components,	 I	 did	 not	 just	 want	 to	 throw	 them	 in	 to	 the	 exercise	 at	 that	 point.	
Instead	I	wanted	it	to	follow	the	product	design	process	as	closely	as	possible.	This	
meant	that	they	started	at	the	beginning	by	being	presented	with	the	design	brief;	
they	 then	 had	 to	 brainstorm	 ideas	 and	 advance	 through	 various	 processes	 until	
they	 got	 to	 the	 part	 of	 actually	 selecting	 components	 to	 put	 in	 their	 product.	
Because	 I	 was	 looking	 at	 how	 the	 participants	 would	 select	 components	 when	
given	a	number	of	different	choices,	 I	had	 to	compile	a	catalogue	of	components	
that	they	had	to	select	from.	Taking	the	components	that	were	used	in	the	original	
cooker	 hood	 as	 a	 starting	 point,	 I	 did	 the	 job	 that	 the	 procurement	 department	
would	do.	 I	 sourced	a	number	of	different	 components	 that	 could	be	used	 in	 the	
new	design;	all	the	components	at	least	matched	the	technical	performance	of	the	
original	product	but	had	other	variations.	This	was	a	particularly	long	process	as	I	
had	 to	ensure	 that	all	 the	options	 I	put	 in	 the	catalogue	were	viable	options	and	
that	 there	 was	 enough	 variety	 in	 the	 components	 to	 test	 which	 factors	 the	
participants	 would	 prioritise.	 The	 last	 component	 of	 the	 exercises	 was	 the	
environmental	 management	 systems	 (EMSs)	 that	 were	 associated	 with	 the	
suppliers	 of	 the	 components.	 While	 I	 had	 real	 information	 pertaining	 to	 the	
components,	 when	 it	 came	 to	 the	 component	 supplier	 I	 only	 had	 information	
related	 to	 their	 location.	 After	 conducting	 research	 into	 EMSs	 and	 the	 typical	
information	that	is	contained	in	their	databases	I	was	able	to	create	what	I	deemed	
to	be	a	realistic	EMS	database	for	the	company	that	was	being	used	in	the	study.	In	






Usually	 there	 are	 various	 approaches	 that	 can	 address	 research	 questions,	 that	
was	 the	 case	 with	 the	 research	 questions	 that	 I	 chose	 to	 address	 with	 the	 case	
studies.	 While	 adopting	 a	 case	 study	 approach	 had	 the	 added	 benefit	 of	
incorporating	contextual	 factors	that	would	enrich	the	data	and	 inferences,	 these	
questions	 could	 have	 been	 addressed	 using	 just	 interview	 data.	 I	 had	 never	
conducted	 a	 case	 study	 before	 and	 in	 addition	 to	 the	 benefits	 it	 would	 have	 in	
answering	 the	 research	 question	 I	was	 keen	 to	 challenge	myself	 by	 learning	 and	
executing	 a	 research	 approach	 that	 I	 was	 not	 familiar	 with.	 Understanding	 the	
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underpinning	 of	 the	 approach	 and	 executing	 it	 were	 not	 a	 challenge,	 I	 have	 a	
penchant	 for	 research	 methodology	 so	 I	 found	 that	 aspect	 very	 enthusing.	 The	
challenge	 manifested	 when	 it	 came	 to	 analysing	 the	 data	 and	 writing	 the	 case	










above	 where	 despite	 ups	 and	 downs	 I	 was	 in	 control	 of	 the	 situation,	 issues	
regarding	access	 to	participants	were	particularly	 frustrating	as	 they	were	out	of	
my	control.	Even	with	the	understanding	that	organisations	are	very	complex	and	
people	working	within	 them	very	busy,	making	 it	 often	difficult	 to	gain	access	 to	
the	 people	 that	 can	 provide	 information,	 I	 was	 not	 prepared	 for	 just	 how	
challenging	 it	 can	be	 to	get	data	 from	 industry.	At	one	point	 I	was	attached	to	a	
research	 project	 into	 supply	 chain	 information	 sharing	 within	 the	 aerospace	
industry.	 The	 project	 was	 in	 collaboration	 with	 the	 Environmental	 Materials	
Information	Technology	(EMIT)	consortium	and	would	have	allowed	me	access	to	a	
large	 number	 of	 organisations	 and	 their	 suppliers.	 Due	 to	 organisational	 inertia,	
the	project	kept	being	postponed	until	 it	was	no	 longer	compatible	with	 the	time	
scale	 of	 my	 research	 project.	 In	 another	 scenario,	 I	 was	 set	 to	 carry	 out	 the	
component	 selection	 exercises	 within	 a	 company	 with	 a	 cross-functional	 team	
present	and	even	though	the	company	expressed	an	 interest	 in	taking	part	 in	the	




an	 iterative	 process	 where	 I	 continually	 had	 to	 revisit	 previous	 stages	 of	 the	
process.	This	research	project	demanded	that	I	adopt	an	interdisciplinary	approach	
incorporating	 ideas	 from	a	diverse	 range	of	 subject	 backgrounds.	Amongst	 other	
things,	I	found	myself	relearning	how	to	code	in	Matlab,	something	that	I	had	not	
attempted	in	over	six	years,	teaching	myself	advanced	statistics	and	coming	from	a	
predominately	 engineering	 and	 design	 background,	 delving	 into	 supply	 chain	
management	literature.		
Overall,	 the	 experience	 of	 undertaking	 this	 research	 project	 has	 been	
overwhelmingly	positive.	Through	this	project,	I	feel	that	I	have	not	only	been	able	
to	 make	 contributions	 to	 knowledge	 and	 industrial	 practice	 but	 have	 also	
developed	 immensely	as	a	 researcher.	 I	 have	managed	 to	gain	a	 vast	and	varied	
amount	 of	 research-based	 experience	 and	 amassed	 a	 range	 of	 academic	 and	
industry-based	 contacts;	 but	 perhaps	 the	most	was	 the	 paradigm	 shift	 that	was	








testing	 approach	 is	 proposed.	 Through	 industry	 testing,	 the	 effectiveness	 of	 the	 tools	 in	
supporting	 the	 integration	 of	 environmental	 considerations	 into	 the	 product	 development	








given.	 By	 comparing	 their	 results	 to	 those	 in	 this	 research	 project,	 how	 close	 ‘normal	
designers	are	to	eco-design	experts’	can	be	investigated.		
• 	Relate	 cost	 per	%	 PEP	 to	 price	 per	%	 PEP	 (how	much	 customers	 are	willing	 to	 pay	 for	
environmental	performance).	Through	this	investigation,	a	deeper	understanding	of	how	
much	the	market	can	bear	can	be	had	allowing	companies	to	know	what	cost	per	%	PEP	
targets	 to	aim	 for	during	product	development.	Although	more	 consumers	are	 claiming	
that	they	are	willing	to	pay	for	sustainability,	current	 literature	suggests	that	there	is	no	





traditional	 focus	 on	 an	 appropriate	 match	 between	 product	 and	 process	 is	 augmented	 by	 an	
additional	 consideration	 of	 supply	 chain	 configuration.	 Through	 early	 supply	 chain	 design,	
supplier-specific	information	can	be	made	available	during	the	design	and	development	phase	of	
the	 environmental	 product	 development	 process.	 This	 availability	 of	 information	 not	 only	
improves	 product	 environmental	 performance	 assessments,	 but	 also	 facilitates	 green	 supply	
chain	 design.	 Through	 3DCE,	 environmental	 considerations	 can	 be	 integrated	 into	 the	 NPD	
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Headquartered	 in	 Switzerland,	 the	 X002	 Group	 has	 over	 9000	 employees	 working	 in	 72	 of	 its	
subsidiaries	on	4	continents;	it	exports	to	over	100	countries	worldwide	and	generates	an	annual	
revenue	 of	 approximately	 €2	 billion.	 	 X002	 provides	 products	 and	 solutions	 for	 residential	
kitchens	 and	 bathrooms,	 professional	 foodservice,	 coffee	 preparation,	 beverage	 delivery	 and	
semi-/public	washrooms,	with	its	products	falling	in	to	the	following	categories:	kitchen	systems,	
food	 service	 systems,	 water	 systems,	 coffee	 systems	 and	 beverage	 systems.	 In	 2005,	 X002	








are	 sold	 under	 the	 X002	 brand	 and	 36%	 under	 their	 own	 brand.	 C002	 believe	 that	 the	 best	
solution	 is	 one	 that	 is	 yet	 to	 be	 invented	 and	 through	 this	 philosophy,	 they	 strive	 to	 offer	
“unbeatable	performance	and	an	exclusive	competitive	advantage”	through	their	products.	Their	
product	 innovation	 is	 centred	 around	 improving	 air	 quality,	 conserving	 energy,	 noise	 reduction	




position	 where	 it	 has	 to	 work	 towards	 X002’s	 objectives.	 One	 such	 instance	 is	 related	 to	
environmental	 sustainability	 and	 X001’s	 attempt	 to	 promote	 “product	 development	 and	
innovation	geared	towards	efficiency	and	energy	saving	strategies”	and	“environmentally	friendly	
and	resource-efficient	production”	across	its	companies.	Due	to	prior	interest,	C002	was	selected	
as	 the	 company	 within	 the	 group	 that	 would	 actively	 work	 toward	 designing	 eco-friendly	
products;	a	process	that	would	cumulate	in	C002	providing	X002	with	eco-profiles	of	their	product	
offerings.	 X001	 is	 looking	 to	 C002	 to	 pave	 the	 way	 to	 practicing	 environmental	 new	 product	
development	(ENPD)	within	the	group.		
Outside	of	X002’s	interest	in	environmental	sustainability,	C002	already	had	a	growing	interest	in	
ENPD.	 While	 at	 the	 moment	 they	 do	 not	 formally	 practice	 ENPD,	 they	 currently	 integrate	
environmental	 considerations	 into	 their	 products	 by	 focusing	 on	 improving	 the	 in-use	 energy	
efficiency	of	 their	products.	This	 form	of	efficiency	 improvement	 is	prevalent	across	 the	cooker	





with	 requests	 from	 their	 OEM	 customers	 to	 provide	 product	 energy	 consumption	 information,	
this	falls	in	line	with	their	current	focus	on	in-use	energy	efficiency.		
Efficiency	 improvements,	mainly	 associated	with	 lighting	 and	 electric	motors,	 do	 not	 offer	 any	
significant	advantages	over	the	competition	in	terms	of	product	environmental	performance.	For	







particularly	 from	 manufacturers	 in	 China,	 mean	 C002	 cannot	 compete	 purely	 based	 on	 price.	




Central	 to	ENPD	within	C002	 is	 its	R&D	department	as	 it	 is	 the	one	 that	 currently	has	 the	best	
understanding	 of	 environmental	 issues	 within	 the	 whole	 company.	 All	 the	 environmental	
activities	that	they	have	conducted	thus	far	have	been	ad-hoc	and	C002	recognises	that	they	have	
low	environmental	knowledge	and	need	to	 implement	a	more	 formal	approach	to	ENPD	 if	 they	
are	going	to	attain	their	goal	of	producing	environmentally	competitive	cooker	hoods.	The	lack	of	
understanding	 regarding	 the	 potential	 that	 lies	within	 eco-friendly	 products	 is	 seen	 as	 a	major	
barrier	to	further	development	by	those	within	R&D,	particularly	regarding	marketing	and	sales.	
While	 R&D	 acknowledges	 that	market	 demand	 for	 eco-friendly	 products	 does	 not	 exist	 at	 the	
moment,	it	sees	an	opportunity	to	attain	first	mover	advantages	by	pushing	eco-friendly	products	
to	 the	 market.	 Propagated	 by	 its	 R&D	 department,	 C002	 finds	 itself	 in	 a	 situation	 where	 it	 is	
looking	 to	 adopt	 a	 formal	 approach	 to	 ENPD	 that	 will	 allow	 it	 to	 produce	 eco-friendly	 and	
commercially	viable	products.	
New	Product	Development	
Primarily,	C002	 is	a	designer	of	 cooker	hoods	with	 their	main	expertise	 laying	 in	 their	ability	 to	











































into	either	 the	 feasibility	project	 stream	or	development	project	 stream.	There	are	six	different	
types	 of	 projects,	 these	 are:	 Hood	 (product	 or	 component),	 Electronic,	 Functional,	 Research,	
Range	Extension	and	Change	or	Modification.	 The	project	 types	 fall	 into	 the	project	 streams	as	
shown	in	Figure	60;	the	change	or	modification	project	type	falls	into	neither	of	the	two	streams.	
Project	 type	 and	 stream	has	 an	 impact	 on	 the	 duration	 of	 the	 product	 development	 cycle.	 For	
example,	 a	 hood	 development	 project	 that	 aims	 to	 produce	 a	 new	 cooker	 hood	 shape	 takes	






HOOD	 X	 X	 	
ELECTRONIC	 X	 X	 	
FUNCTIONAL	 X	 X	 	
RESEARCH	 X	 	 	
RANGE	EXTENSION	 X	 X	 	




have	 kick	 off	 considerations	 at	 the	 start	 and	 release	 considerations	 at	 the	 end.	 During	 the	





































































At	 the	 core	 of	 all	 of	 C002’s	 product	 development,	 its	 R&D	 department	 is	 comprised	 of	 the	
following	 groups:	 Mechanical	 Design,	 Industrialisation,	 Electronic	 Design,	 Electrical	 Design,	
Functional	 Design	 and	 Laboratory	 Product	 Release.	 While	 ultimately	 the	 makeup	 of	 a	 project	
team	depends	on	 the	 specific	 requirements	of	 the	projects,	 representatives	 from	each	of	 these	
groups	are	present	at	all	kick	off	meetings.	Additionally,	to	ensure	that	the	product	development	
is	rooted	in	the	company’s	economic	bottom	line,	representatives	from	commercial	departments	
are	 also	 present.	 In	 addition	 to	 the	 core	 team	 that	 is	 comprised	 of	 members	 of	 various	 R&D	
groups,	 during	 the	 duration	 of	 the	 projects	 members	 from	 other	 groups	 are	 involved	 in	 the	

























































MECHANICAL	DESIGN	 X	 X	 X	 X	 X	 X	 	 X	 X	 X	 	 X	 	
ELECTRONIC	DESIGN	 		 X	 	 	 X	 	 	 	 	










	 	 X	 X	 	 	 	 	 X	 	 	
FUNCTIONAL	DESIGN	 	 	 	 	 X	 	 	 	 	
QUALITY	 		 	 	 	 	 X	 	 	 X	 	 X	
BOM	MANAGEMENT	 	 	 	 	 	 	 	 	 X	 	 	 	
DOCUMENTATION	 		 	 	 	 	 	 	 X	 	 	 	




While	 the	 kick	 off	 and	 release	 stages	 in	 the	 projects	 are	 usually	 accompanied	 with	 meetings	
where	those	involved	in	the	projects	get	a	chance	to	have	group	discussions,	during	the	projects	
themselves	 the	 team	 members	 work	 closely	 with	 each	 other.	 As	 a	 result	 of	 working	 in	 cross	
proximity	with	 each	 other,	 and	with	members	 of	 other	 departments,	members	 of	 C002’s	 R&D	
department	 have	 cross-functional	 knowledge	 and	 are	 have	 enough	 awareness	 of	 issues	 that	
relate	to	more	than	just	the	group	they	belong	in.	This	is	relatively	new	for	C002	because	in	the	
not	 so	 distant	 past,	 their	 product	 development	was	 very	 segmented	 and	 internal	 and	 external	






While,	 through	 their	 commercial	 department,	 they	 occasionally	 get	 input	 from	 their	 OEM	
customers	that	they	use	in	their	development	process,	they	do	not	have	any	input	from	the	users	
of	 their	 products.	 They	 realise	 that	 their	 product	 development	 could	 stand	 to	 be	 more	 user	
driven,	however	they	believe	that	this	is	something	that	commercial	department	should	support	
them	with.	 It	 also	would	 also	 offer	 a	way	 to	 open	 up	 dialogue	 regarding	 eco-friendly	 products	
with	the	end	users.		
Supply	 chain	 considerations	 enter	 the	development	process	 through	 the	 industrialisation	 team.	








during	 product	 development,	 C002	 also	works	 closely	with	 its	 suppliers.	 	When	 designing	 new	
components	whose	manufacturing	is	to	be	outsourced,	or	when	they	are	specifying	requirements	
for	 components	 that	 they	 will	 have	 produced	 for	 them,	 they	 consult	 with	 their	 suppliers	
whenever	necessary.		
With	the	majority	of	the	components	and	parts	in	their	cooker	hoods	being	brought	in	from	the	
outside,	 the	 environmental	 impact	 C002’s	 products	 will	 depend	 heavily	 on	 the	 nature	 of	 the	
components	that	they	are	using	and	who	is	supplying	them.	This	means	that	the	supply	chain	will	
play	 a	 major	 role	 in	 their	 product	 development	 process	 as	 they	 look	 to	 make	 eco-friendly	
products.	At	 the	moment,	due	 to	 the	energy	efficiency	work	 that	R&D	 is	 conducting,	C002	give	






due	 to	 a	 belief	 that	 having	 a	 one-to-one	 relationship	 means	 that	 they	 can	 cultivate	 the	
relationship	and	 form	strong	 ties	with	 their	 supplier,	 ties	 that	allow	them	to	work	much	closely	
with	 the	 supplier	 to	 ensure	 that	 they	 get	 the	 best	 products	 possible	 and	 offer	 fringe	 benefits.	
Occasionally,	they	have	to	source	multiple	suppliers	for	components	that	they	deem	as	key;	this	is	
the	case	with	the	blower	where	they	have	three	different	suppliers.	In	this	case,	they	had	to	have	
multiple	 suppliers	 because	 none	 of	 the	 individual	 suppliers	 had	 the	 capacity	 to	 meet	 their	
demand.		
Practicing	 sole	 sourcing	 has	 not	 been	 without	 its	 challenges;	 a	 year	 ago	 they	 ran	 into	 some	
problems	 and	 had	 to	 switch	 their	 supplier	 for	 electric	 motors.	 This	 was	 a	 big	 change	 for	 the	
organisation	 as	 they	 had	worked	with	 that	 one	 supplier	 for	 years.	 The	 need	 to	manage	 supply	
risks,	 along	with	 pressure	 from	 X002,	 sees	 C002	 looking	 to	 change	 the	way	 it	 sources	 its	 core	
components	as	it	looks	to	multi-sourcing.		
“In	the	case	of	a	crisis	of	the	first	[supplier],	we	can	switch	to	the	second.	But	it	is	








With	 blowers	 from	 Turkey,	 push	 buttons	 from	 Italy,	motors	 from	 China	 etc.	 C002	 has	 a	 global	
supply	 chain	 and	 this	 is	 not	 without	 its	 challenges.	 The	 main	 challenge	 they	 currently	 face	









Through	the	use	of	enterprise	software,	 the	 industrialisation	 team	are	able	 to	keep	a	wealth	of	





Where	 appropriate,	 C002	makes	 requests	 for	 technical	 information	 regarding	 components	 they	
get	from	their	suppliers.	This	is	particularly	the	case	with	electric	motors	as	they	want	to	know	as	




that	 extends	 beyond	 energy	 efficiency,	 such	 as	 material	 recyclability,	 embodied	 energy	 of	
materials	etc.).	Resultantly,	it	is	impossible	to	know	if	their	suppliers	have	information	and	if	they	
would	be	willing	 to	 share	 it.	However,	 as	 they	did	with	 energy	efficiency	 information,	 they	will	
ask;	 it	 is	 a	 request	 that	 should	 not	 seem	out	 of	 place	 considering	 that	 they	 recently	made	 the	
sharing	 of	 efficiency	 information	 a	 requirement.	 As	 they	 transition	 to	 ENPD,	 they	 realise	 that	
there	is	a	 large	possibility	that	they	will	not	be	able	to	get	all	the	information	that	they	require.	
They	are	not	deterred	and	they	plan	to	supplement	the	information	they	get	from	suppliers	and	
in-house	 testing	 with	 information	 that	 is	 available	 in	 environmental	 and	 materials	 databases.	
Their	 priority	 will	 be	 to	 ensure	 that	 they	 have	 the	 most	 accurate	 information	 regarding	 the	
components	that	are	the	most	critical	in	terms	of	environmental	aspects.		
As	 a	 company	 that	designs,	manufactures,	outsources,	purchases	and	assembles,	C002’s	 supply	
base	 is	made	up	of	 raw	material	 suppliers,	 component	manufacturers	and	distributers.	Most	of	
the	knowledge	that	they	have	regarding	the	supply	network	of	their	products	 is	related	to	their	
Tier	1	suppliers,	the	ones	that	they	have	direct	contact	with.		








market.	 However	 there	 is	 a	 lack	 of	 understanding	 of	 the	 potential	 that	 lies	within	 eco-friendly	
products	outside	of	the	R&D	department.	This	means	that	the	R&D	department	is	in	a	position	to	
not	 only	 learn	 how	 to	 practice	 efficiently	 ENPD,	 they	 also	 currently	 have	 the	 responsibility	 of	
disseminating	environmental	understanding	to	the	rest	of	the	company.		
C002’s	 R&D	 department	 takes	 the	 lead	 role	 in	 product	 development.	 While	 ultimately	 the	
makeup	of	a	project	team	depends	on	the	specific	requirements	of	the	projects,	representatives	
from	each	of	these	groups	are	present	at	all	kick	off	meetings.	During	product	development	cross-
functional	 teams	 work	 closely	 together.	 As	 a	 result,	 members	 of	 R&D	 and	 other	 functional	
departments	 have	 cross-functional	 knowledge	 and	 enough	 awareness	 of	 issues	 that	 relate	 to	
more	 than	 just	 the	 group	 that	 they	 belong	 in.	 This	 culture	 of	 organic	 organisational	 learning	
should	allow	the	R&D	to	spread	environmental	awareness	across	the	whole	of	the	company.	
	 239	
C002’s	 industrialisation	 team	which	 is	 in	 responsible	 for	 sourcing	 and	 supply	 chain	 design	 gets	
involved	early	on	in	the	product	development	process.	Whenever	necessary,	they	are	responsible	
for	 co-ordinating	 collaboration	 efforts	 with	 suppliers.	 The	 impending	 legislation	 that	 requires	
display	the	energy	consumption	of	their	products	at	the	point	of	sale	has	resulted	in	C002	working	
even	more	closely	with	 its	suppliers.	Unlike	 in	the	past,	C002	now	gives	 light	and	electric	motor	
suppliers	power	and	energy	consumption	targets	that	the	products	they	supply	should	meet.	This	
is	 not	 something	 that	 they	 did	 in	 the	 past	 as	 it	 was	 not	 necessary,	 however	 it	 now	 is	 due	 to	
legislation	 and	 suppliers	 are	 working	 to	 comply	 with	 these	 needs.	 This	 shows	 that	 there	 is	
potential	 for	C002	 to	 request	 that	 their	 supplier	 provide	 them	with	products	 that	meet	 certain	
environmental	performance	 targets,	 if	 C002	are	dedicated	 to	 implementing	ENPD.	C002	have	a	
history	of	paying	more	to	ensure	that	they	get	the	best	quality	possible,	such	a	practice	could	be	
extended	 to	 environmental	 consideration	 if	 they	 pay	 more	 to	 get	 products	 that	 have	 higher	
environmental	performance.		
C002	 practices	 both	 sole	 and	 multi-sourcing;	 they	 prefer	 sole	 sourcing	 as	 it	 allows	 them	 to	
cultivate	strong	ties	with	their	suppliers.	Where	they	practice	multi-sourcing,	 it	 is	mainly	due	to	
individual	 suppliers	not	having	enough	capacity	 to	miss	 their	demand.	By	mainly	 favouring	 sole	
sourcing,	C002	are	exposing	themselves	to	supply	risk.	 If	 there	were	to	be	a	problem	with	their	




do	 their	 own	 tests	 to	 determine	 a	 range	of	 technical	 aspects	 relating	 to	 the	products.	 There	 is	
there	possibility	of	utilising	 the	 same	 tactic	 to	acquire	 information	 related	 to	 the	products	 they	
buy	 in	to	use	 in	environmental	assessments.	 It	 the	moment	C002	do	not	know	if	 their	suppliers	
have	information	relating	to	the	environmental	performance	of	the	products	that	they	supply	and	
if	 they	 would	 be	 willing	 to	 share	 it.	 C002	 plan	 to	 supplement	 the	 information	 they	 get	 from	
suppliers	and	 in-house	testing	with	 information	that	 is	available	 in	environmental	and	materials	
databases.	Their	priority	will	be	to	ensure	that	they	have	the	most	accurate	information	regarding	
the	components	that	are	the	most	critical	in	terms	of	environmental	aspects.	
C002’s	 industrialisation	team	are	able	 to	gather	a	wealth	of	 information	and	share	 it	within	 the	
organisation	 through	 the	use	of	enterprise	 software.	This	 is	 information	 that	 is	 captured	during	
various	product	development	projects	through	phone	calls,	visits,	data	sheets,	reports	etc.	There	
are	 a	 series	 of	 databases	 that	 contain	 information	 that	 designers	 can	 access	 from	 their	
workstations.	 This	means	 that	 these	 databases	 can	 be	 used	 to	 ensure	 that	 information	 that	 is	
coming	 from	the	supply	chain	 is	available	 to	 the	designers	as	 they	design	products.	This	means	
that	designers	can	make	environmental	decisions	using	information	that	comes	in	from	the	supply	
chain.	 Information	 for	 ENPD	 can	 be	 enriched	 if	 C002	 adopts	 an	 EMAS,	 resulting	 in	 more	
information	regarding	suppliers’	environmental	issues	being	available	to	designers.		
Even	 though	 C002	 does	 not	 map	 its	 supply	 chain	 and	 has	 no	 visibility	 beyond	 tier	 1	 and	 2	
suppliers,	 it	 can	 use	 its	 enterprise	 system	 and	 the	 information	 within	 it	 to	 build	 supply	 chain	
maps.	As	 they	practice	 ENPD,	C002	will	 need	 to	 ask	 their	 suppliers	 for	 information	 that	 can	be	
used	to	map	their	supply	networks	beyond	the	first	tier.		
Case	3:	Procurement	in	ENPD	Organisation.	
C003	 is	 an	 automotive	 business	 that	 is	 built	 around	 one	 of	 the	 world’s	 premier	 luxury	 sports	
saloon	and	sports	car	marques	and	the	world’s	leading	manufacturer	of	premium	all-wheel-drive	
vehicles.	 All	 of	 its	 vehicles	 are	 engineered	 and	 designed	 in	 the	 UK,	 where	 the	 business	 is	
headquartered.	With	more	than	80%	of	the	vehicles	it	produces	being	sold	abroad	and	selling	to	
178	countries,	C003	one	UK’s	 largest	exporters	by	value;	 it	 is	also	 its	 top	 investor	 in	R&D	 in	the	




Delivering	 sustainable	 growth	 and	 continued	 innovation	 is	 at	 the	 heart	 of	 our	
continued	 transformation,	 to	 become	 a	 world-class	 premium	 automotive	
manufacturer	–	Environmental	Innovation	Strategic	Core	Pillar	
With	 environmental	 innovation	 as	 one	 of	 its	 three	 core	 strategic	 ‘pillars’,	 C003’s	 strategic	
approach	 to	 sustainability	 aims	 to	 minimise	 the	 impact	 of	 its	 cars	 on	 the	 environment	 either	
through	technologies	embedded	in	its	vehicles,	more	sustainable	manufacturing	or	CO2	offsetting.	
It	 was	 one	 of	 the	 first	 companies	 to	 be	 fully	 certified	 under	 the	 international	 environmental	
standard	 ISO14001	 and	 one	 of	 the	 first	 UK	 vehicle	 manufacturers	 to	 complete	 an	 officially	
recognised	 study	of	 the	overall	 environmental	 impact	of	 a	 vehicle.	 Its	 sustainability	 governance	
structure	is	part	of	the	reason	why	sustainability	is	so	embedded	strategically	in	the	way	it	does	
business;	all	business	 functions	have	a	 set	of	 sustainability	 targets	 that	 they	are	 responsible	 for	
working	towards.		
“We	got	some	very	specific	things	that	come	from	the	very	top	of	the	business	and	
are	 things	 that	 we	 must	 do.	 Environmental	 innovation	 is	 one	 of	 the	 company’s	
three	passions	so	we	have	it	is	in	the	triangle.”	
Context	Setting	
C003	 seeks	 to	 establish	 profits	 by	 offering	 products	 that	 customers	 desire	 in	 the	 premium	
performance	 car	 and	 all-terrain	 vehicle	 segments.	 Higher	 degrees	 of	 globalisation,	 fuelled	 by	
increased	 penetration	 of	 Internet	 and	 social	media	 channels,	 has	 resulted	 in	 greater	 customer	
awareness	and	increased	competition,	which	has	driven	the	automotive	industry	to	become	more	
customer-centric	in	recent	years.	This	is	particularly	the	case	for	the	premium	automotive	sector	
in	 which	 C003	 operates,	 where	 sophisticated	 customers	 demand	 the	 very	 best.	 Resultantly,	 to	
ensure	 that	 their	 products	 remain	 relevant,	 C003	 undertakes	 significant	 market	 research	 to	
understand	customer	needs	and	anticipate	emerging	trends.	
“We	have	a	whole	group	of	people	who	troll	various	fashion	magazines,	blogs	and	
websites…	 they	 say	 in	 two	 years’	 time,	 four	 years’	 time,	 there	 is	 a	 market	 gap	
opening	up.	We	then	have	to	put	something	together	to	answer	the	fashion	 lines	
that	they	have	picked	up	to	deliver	at	that	point	in	time.”	
Some	of	C003’s	actions	are	governed	by	 legislation.	Currently,	 they	have	a	 legal	 requirement	to	
support	their	customers	wherever	they	are	in	the	world	for	ten	years,	subject	to	local	legislation;	
however,	they	structure	their	business	such	that	they	are	in	a	position	to	do	that	for	fifteen	years.	




fashion	accessory.	Because	 it	 is	a	 fashion	accessory	driven	by	 the	natural	 fashion	
attitude	that	occurs	in	the	world.	We	have	an	attitude	that	says	we	have	to	refresh	
them	every	couple	of	years	otherwise	they	get	tired.”	
Over	 the	 last	 few	years	 they	have	broadened	their	market	 research	 to	gain	an	understanding	of	
the	kinds	of	perceptions	that	their	customer	base	has	regarding	the	environmental	performance	of	
vehicles.	While	 this	 process	 has	 yielded	 varying	 results	 across	 different	market,	 there	 are	 cases	
where	 there	 is	 customer	 demand	 for	 improved	 environmental	 performance.	 This	 drives	




New	product	 development	 is	 the	 cornerstone	of	 C003’s	 business.	 As	 they	 aim	 to	 keep	up	with	
trends,	 they	give	 their	 vehicles	 regular	 ‘facelifts’	however,	while	 they	might	keep	 the	name	 the	
same	they	cannot	keep	the	vehicle	the	same	eventually	they	replace	the	underlying	componentry	











the	 very	 top	 of	 the	 business	 into	 the	 development	 process	 where	 it	 manifests	 as	 a	 series	 of	
complex	 decisions	 to	 be	 made	 as	 conflicting	 attributes	 that	 need	 to	 be	 reconciled	 arise.	 An	
example	 is	 how	 to	 proceed	 when	 there	 is	 the	 opportunity	 to	 produce	 a	 lighter	 product	 that	






core	groups:	Body	Design,	Chassis,	Power	Train	and	Electrical.	 These	groups	are	 responsible	 for	
designing	 components	 and	 work	 on	 specific	 vehicle	 lines	 ensuring	 that	 all	 the	 vehicle	
development,	 testing	and	verification	are	all	done	on	 time.	 Supply	 chain	and	 finance	 issues	are	
key	 in	 the	 product	 development	 process	 and	 as	 shown	 in	 Figure	 63,	 the	 Cost	 Engineering	
department	sits	between	Group	Engineering,	Purchasing	and	Finance	and	acts	as	an	interface	for	
cross-departmental	product	development	issues.	By	recognising	that	ENPD	requires	both	internal	









while	 some	of	 it	 is	engineered	 in-house	 the	 rest	 is	engineered	with	 fifty	 fully	 serviced	 suppliers	
who	 specialise	 in	 vehicle	 systems;	 C003	 source	 from,	 sell	 and	 make	 their	 products	 available	
around	the	world.	The	pursuit	of	ENPD	means	that	C003’s	product	development	has	taken	on	a	
life	 cycle	 perspective,	 as	 a	 result	 they	 have	 started	 to	 place	 greater	 burdens	 in	 terms	 of	







terms	of	 the	 services	 that	 they	provide.	 These	 range	 from	 ‘off-the-shelf’	 suppliers,	where	C003	





















Resultantly,	 they	 have	 started	 splitting	 the	 development	 and	 delivery	 of	 products	 wherever	
benefits	can	be	attained.		























for	 the	 suppliers	 to	 start	 from	 a	 basic	 supplier	 relationship	 and	 work	 upwards,	 however,	 it	 is	
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possible	 for	 a	 supplier	 to	 start	 higher	 up.	 In	 some	 instances	 they	 put	 suppliers	 straight	 into	
supplier	development,	 for	 instance	when	they	encounter	a	company	that	has	a	technology	they	
are	 interested	 in	 but	 does	 not	 seem	 to	 have	 long	 term	 stability.	 Typically,	 performance	
relationships	 involve	C003	working	 collaboratively	with	 the	 supplier	 to	ensure	 that	 the	 supplier	
can	produce	 components	 to	 volume	and	 cost	 and	occasionally	C003	 takes	 co-ownership	of	 any	
intellectual	property	that	comes	out	of	that	process.	
Currently,	 one	 of	 the	 biggest	 challenges	 faced	 by	 C003’s	 purchasing	 department	 is	 that	 of	




as	 to	whether	 that	 particular	 supplier	 is	 sustainable	 in	 the	 long	 term	 and	whether	 or	 not	 they	
meet	their	requirements	to	be	able	to	supply	into	particular	regions.	They	primarily	use	a	‘bonus-
malus’	 or	 ‘rewards-penalties’	 methodology	 to	 review	 a	 supplier’s	 capability	 to	 deliver	 what	 is	
required	 and	 their	 ability	 to	 sustain	 the	 supply.	 Within	 C003,	 the	 sourcing	 decision	 is	 a	 very	
complex	one.		
To	 ensure	 that	 they	 have	 an	 in-depth	 understanding	 of	 their	 suppliers,	 the	 purchasing	 team	 is	
divided	 into	 four	 major	 groups,	 Body	 Design,	 Chassis,	 Power	 Train	 and	 Electrical,	 which	























In	 addition	 to	mapping	 their	 supply	 base	 in	 terms	 of	 the	 internal	 engineering	 groups	 that	 they	
support,	C003	map	their	suppliers	in	terms	of	their	capability	and	competency,	which	relationship	
segments	they	fit	into,	their	geographical	location,	the	levels	of	investment	that	they	are	putting	
into	 the	 future,	 their	 short/long	 term	 development	 plans	 etc.	 C003	 terms	 this	 ‘business	
intelligence’	as	 they	attempt	 to	distribute	data	 in	a	more	 intelligent	and	 linked	up	manner	 that	
allows	them	to	look	outside	themselves	to	what	their	supply	base	is	doing.		
C003	 recently	 found	 themselves	 in	 a	 situation	 where,	 due	 to	 insufficient	 knowledge	 of	 their	
supply	 network	 beyond	 the	 first	 tier,	 they	 supplied	 into	 a	 region	 vehicles	 that	 contained	 parts	
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from	 an	 embargoed	 state.	 They	 recognise	 that	 it	 is	 key	 that	 they	 are	 able	 to	map	 their	 supply	
chains	 beyond	 the	 first	 tier	 and	 accurately	 trace	 where	 parts	 in	 vehicle	 comes	 from	 and	
acknowledge	that	it	is	not	an	easy	task.	However,	it	is	something	that	they	are	working	on	actively	
solving.	 While	 they	 were	 not	 willing	 to	 disclose	 exactly	 how	 they	 are	 tackling	 this	 issue,	 they	








ones	 where	 cross	 fertilisation	 can	 happen	 quicker.	 However,	 it	 is	 more	 than	 just	 the	








C003	 is	 a	 company	 that	 is	 driven	 by	 customer	 needs	 and	 emerging	 trends;	 they	 are	 finding	
through	 their	 market	 research	 that	 some	 customers	 are	 demanding	 cars	 with	 improved	
environmental	performance.	This	supplements	C003’s	internal	drivers	for	environmental	product	
development.	 Internally,	 environmental	 drivers	 trickle	 down	 from	 the	 very	 top	 of	 the	 business	
and	are	embedded	in	practices	that	the	employees	have	to	adopt.		





with	 their	 suppliers	 to	 improve	cost,	quality	and	potential	 to	deliver,	 it	 is	not	out	of	 scope	 that	
they	would	also	work	with	their	suppliers	to	improve	environmental	performance	where	possible.		




track.	 This	 also	 likely	 adds	 complexities	 to	 ENPD	 as	 an	 increase	 in	 suppliers	 means	 more	
information	 is	 needed	 from	 more	 sources.	 C003	 is	 looking	 to	 address	 some	 of	 the	 issues	
associated	with	managing	supply	chain	relationships	through	the	use	of	a	web-based	system	that	
helps	the	automotive	industry	better	understand	where	key	sustainability	risks	lie	in	their	supply	
chains.	 As	 many	 of	 the	 companies	 within	 the	 industry	 share	 customers	 and	 suppliers,	 by	
consolidating	the	 information	sharing,	what	may	be	difficult	to	do	for	an	 individual	organisation	
becomes	easier	 to	 achieve	 collectively	 as	 an	 industry.	However,	 this	 is	more	 than	a	 technology	







An	 automotive	 manufacturer	 headquartered	 in	 Japan,	 with	 a	 global	 workforce	 of	 over	 330k	
employees,	C004	is	not	only	one	of	the	largest	vehicle	manufacturers	in	the	world,	it	is	also	one	of	
the	 largest	companies	 in	 the	world	by	 revenue.	 It	currently	has	an	annual	production	output	of	
over	 ten	million	cars	a	year	and	 through	 its	 lifetime	has	produced	over	200	million	vehicles.	 Its	





of	 all	 waste’	 imbuing	 all	 aspects	 of	 production	 in	 pursuit	 of	 the	 most	 efficient	
methods”	–	C004	Production	System	




is	 driven	 by	 organisational	 culture.	 This	 makes	 replicating	 C004’s	 operations	 challenging	 for	









Additionally	 it	 is	 faced	 with	 issues	 that	 extend	 past	 vehicle	 usage	 such	 as	 those	 within	 the	
manufacturing	 process	 and	 disposal	 of	 the	 vehicle	 at	 its	 end	 of	 life.	 While	 some	 of	 these	 are	
driven	by	legislation,	rising	costs	and	the	need	to	source	cost-effective	materials	for	components	
are	 also	 critical	 to	 competitiveness.	 Most	 major	 automotive	 manufacturers	 deal	 with	 the	
environmental	agenda	 in	similar	ways	but	each	have	 their	own	unique	projects	 that	attempt	 to	
create	competitive	advantage.	In	addition	to	conventional	vehicles,	with	models	in	over	20	vehicle	
series,	 hybrid	 vehicles	 are	 a	 cornerstone	 of	 C004’s	 product	 offering.	 	 It	 is	 also	working	 on	 the	
development	 of	 range	 of	 technologies,	 including	 plug-in	 hybrids,	 electric	 vehicles	 and	 fuel	 cell	
vehicles,	so	that	customers	can	choose	the	type	vehicle	best	suited	to	their	application.	
New	Product	Development	
C004	 is	 renowned	 for	 its	 ability	 to	 bring	 to	 market	 a	 new	 product	 in	 much	 less	 time	 than	 its	
competitors.	 The	 design	 and	 development	 of	 a	 new	 platform	 of	 vehicles	 typically	 takes	 36	
months,	 from	 concept	 to	 production.	 As	 illustrated	 in	 Figure	 66,	 the	 process	 is	 split	 into	 two	
distinct	stages.	The	 first	 stage,	 the	 fuzzy	 front	end	which	serves	as	a	means	 for	coming	up	with	
several	wide-ranging	design	options,	and	 the	second,	 the	detailed	design	phase	where	 the	 final	
chosen	design	is	developed	for	production.		
	 PRODUCT	DEVELOPMENT	 PRODUCTION		 FUZZY	FRONT	END	 DETAILED	DESIGN	






	“Product	 development	 isn’t	 so	 much	 about	 developing	 production	 as	 it	 is	 about	
developing	knowledge	about	the	products”	
C004	 splits	 the	 product	 development	 process	 because	 during	 the	 first	 stage	 the	 design	 is	 not	
stable	 yet	 and	 developing	manufacturing	 process	 plans	 at	 the	 same	 time	would	 likely	 result	 in	




concurrent	 engineering	 and	 stage	 gates.	One	of	 the	 key	 factors	 that	 are	 considered	during	 this	
phase	 is	 the	 impact	 of	 the	 supply	 chain.	 For	 example,	 the	 more	 parts	 that	 can	 be	 shared	 by	





Working	 in	 close	 collaboration	 with	 quality	 and	 engineering	 departments,	 the	 purchasing	
department	 is	 responsible	 for	 the	 sourcing	of	parts	 and	 components.	And	with	many	of	C004’s	
suppliers	 collaborating	 with	 the	 engineers	 on	 the	 design	 and	 development	 of	 selected	
components,	 purchasing	 is	 responsible	 for	managing	 supply	 chain	 relationships.	 Greater	 global	
complexity	has	 resulted	 in	 supplier	 considerations	becoming	 central	 to	C004’s	 strategy.	C004	 is	
organised	 into	 the	 following	 operational	 functions:	 Plant	 Engineering,	 Production	 Control,	





responsible	 for	 day-to-day	 operations.	 This	 is	 the	 basis	 of	 the	 concept	 they	 use	 to	 spread	 best	





enterprise-wide	database.	Additionally,	 they	promote	cross-functional	 teamwork	 to	ensure	 that	
all	 internal	 and	 external	 parties	 are	 collaborating	 to	 continuously	 improve	 both	 processes	 and	
operations.	
Supply	Chain	Management	
C004’s	 approach	 to	 supply	 chain	 management	 is	 an	 element	 of	 its	 operations	 strategy	 and	 is	
based	 on	 the	 philosophy	 of	 its	 production	 system.	 During	 the	 sourcing	 process,	 purchasing	
considers	a	myriad	of	factors;	these	include	supplier	capability	and	capacity,	current	supply	base	
location,	 price	 etc.	 Additionally,	 they	 consider	 the	 impact	 that	 the	 supply	 chain	 has	 on	 the	
product.	For	example,	they	enable	flexibility	to	change	option	closer	to	production	by	purchasing	
option-related	 parts	 from	 suppliers	 located	 closer	 to	 the	 assembly	 plant.	 C004	 is	 extra	 diligent	
when	sourcing	suppliers	as	they	aim	to	ensure	that	chosen	suppliers	are	a	good	fit	with	the	rest	of	
the	 network.	 Some	 of	 C004’s	 suppliers	 are	 selected	 due	 to	 the	 capability	 that	 they	 possess	 to	
improve	processes	or	decrease	cost.	Both	new	and	existing	suppliers	are	expected	to	share	their	
innovations	 with	 others	 that	 supply	 similar	 products.	 Being	 a	 C004	 supplier	 comes	 with	 an	
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opportunity	to	benefit	 from	innovations	and	 ideas	generated	across	the	supply	network.	C004’s	
approach	 to	 the	 supply	 chain	 emphasises	 close	 relationships	 across	 the	 supply	 chain	 and	
collaboration	 to	 maximise	 supply	 chain	 performance.	 Its	 goal	 is	 it	 minimise	 the	 number	 of	
suppliers	and	create	 long-term	partnerships	by	nurturing	existing	suppliers	to	expand	 instead	of	
increasing	the	number	of	suppliers	to	induce	price	competitive	bidding.		
Relationships	 with	 suppliers	 range	 from	 ‘drawing	 supplied’	 to	 ‘drawing	 approved’	 and	 vary	




































risk.	 Suppliers	 also	 tend	 to	 be	 initially	 anxious	 about	 the	 high	 levels	 of	 collaboration	 and	
information	 sharing	 required	 by	 C004	 as	 they	 require	 the	 break	 of	 down	 any	 organisational	
functional	 silos	 that	 might	 exist	 and	 are	 usually	 guarded;	 their	 breakdown	 creates	 insecurity.	
Additionally,	 based	 on	 past	 traditional	 relationships,	 there	 is	 initially	 a	 general	 lack	 of	 trust	
between	 the	 suppliers.	 C004	 emphasises	 an	 alignment	 of	 goals,	 congruence	 of	 incentives,	
synchronisation	 of	 decision	making	 and	 sharing	 of	 resources	 across	 the	 supply	 chain,	 and	 over	
time	 mutual	 respect	 develops	 and	 suppliers	 realise	 that	 involvement	 is	 beneficial.	 By	 having	
suppliers	 as	 partners,	 C004	 can	 work	 closely	 with	 them	 to	 operate	 an	 effective	 and	 efficient	
supply	 chain.	 Supply	 chain	 partners	 share	 in	 the	 profits	 during	 good	 times	 and	 experience	 the	
hardships	of	the	challenging	times.	 
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C004’s	 philosophy	 is	 based	 on	 eliminating	waste,	 and	 one	 such	way	 is	 through	 the	 removal	 of	
unnecessary	cost.	This	is	imprinted	on	the	suppliers	who	understand	that	C004	want	to	decrease	




With	employees	urged	to	“listen	 intently	 in	an	open	environment”,	 informal	 information	system	
exist	 within	 C004	 that	 allow	 free	 flow	 of	 information	 up,	 down	 and	 across	 the	 hierarchy.	
Collaborative	 communication	 is	 crucial	 for	C004	as	 it	 facilitates	 the	 creation	of	 joint	 knowledge	
and	 through	 information	 technology,	 information	 can	 be	 shared	 across	 the	 supply	 chin	 and	
activity	 coordinated.	For	C004,	 investment	 in	 information	 technology	 is	not	enough;	 it	 is	 simply	
not	the	application	of	the	technology	that	is	important	but	rather,	how	it	is	used.	While	they	are	
continually	 exploring	 ways	 of	 utilising	 technology,	 they	 also	 assess	 its	 operational	 impact	 to	
combat	 the	 challenges	 that	 are	 associated	 with	 the	 application	 of	 information	 technology	 to	
supply	 chains.	 By	 giving	 freedom	 to	people	 to	 voice	 contrary	 opinions,	making	 tacit	 knowledge	
explicit	 and	 having	 frequent	 face	 to	 face	 interactions,	 C004	 ensures	 that	 communications	 are	
reinforced	and	that	employees	and	supply	chain	partners	alike	are	kept	informed.		
Supply	Chain	Mapping	
In	 a	 bid	 to	 remove	 slack	 from	 its	 supply	operations	C004	pruned	 its	 supplier	 base	 severely,	 for	











with	 each	 sub	 tier	 in	 a	 pyramid	hierarchy,	which	would	 tend	 to	 provide	 redundancy.	However,	
upon	completion	of	the	exercise,	they	found	that	in	reality	supply	chain	sub	tiers	included	unique	
factories	that	provided	materials,	parts	or	production	processes	to	many	upstream	suppliers	and	
that	 their	 supply	chain	had	more	of	a	 ‘barrel’	 shape;	 the	 two	supply	chain	shapes	are	shown	 in	
Figure	68.	As	a	 result,	 they	did	not	 realise	 that	 they	had	critical	 sub	 tier	 suppliers	and	 they	had	
failed	to	manage	the	risk	at	these	and	other	hard-to-replace	sub	tier	suppliers.		
	 	 	 C004	 	 	 	 	 	 	 C004	 	 	
	 	 T1	 T1	 T1	 	 	 	 	 T1	 T1	 T1	 	
	 T2	 T2	 T2	 T2	 T2	 	 	 T2	 T2	 T2	 T2	 T2	
T3	 T3	 T3	 T3	 T3	 T3	 T3	 	 T3	 T3	 T3	 T3	 T3	




managing	 sub	 tier	 supplier	 risks	 and	 this	 visibility	 is	 gained	 through	 the	 sharing	 of	 information	
through	 the	 supply	 network.	 Today,	 C004	 is	 working	 collaboratively	 with	 other	 automotive	






rooted	 in	 the	 knowledge	 and	 understanding	 it	 has	 of	 itself	 as	 an	 organisation.	 It	 offers	 its	
customers	 a	 range	 of	 both	 conventional	 and	 eco-motor	 vehicles	 that	 are	 globally	 competitive.	
Supply	 chain	 considerations	 come	 into	 C004’s	 development	 process	 early,	 even	 though	
finalisations	 are	 not	 made	 until	 the	 second	 phase	 of	 development,	 during	 the	 first	 stage	
manufacturing	and	engineering	jointly	decide	on	trade-offs.	In	the	second	phase,	the	supply	chain	
is	then	designed.	Within	this	phase,	supply	chain	design	has	a	great	impact	on	the	product	design	
as	 products	 are	 designed	 to	 share	 parts	 to	make	 supply	 chain	management	 easier.	 This	means	
that	 the	purchasing	department	has	a	pivotal	 role	 in	product	development	as	 it	 influences	how	





its	 supply	 chain	 and	 those	 associated	 with	 their	 business.	 C004	 promotes	 cross-functional	
teamwork	 to	 ensure	 that	 all	 internal	 and	 external	 parties	 are	 collaborating	 to	 continuously	
improve	 both	 processes	 and	 operations;	 this	 feeds	 into	 a	 strong	 company	 culture	 of	
improvement.	This	culture	of	 improvement	extends	outside	of	 the	company	as	C004	expects	 its	
suppliers	to	share	their	innovations	with	others	that	supply	similar	products.	Through	this	all	the	
suppliers	 benefit	 from	 innovations	 and	 ideas	 generated	 across	 the	 supply	 network.	 C004	




open	 would	 leave	 you	 exposed	 to	 various	 kinds	 of	 business	 risks,	 C004’s	 way	 of	 doing	 things	






out	 to	 be	 erroneous.	 This	 incident	 highlights	 why	 it	 is	 important	 for	 organisations	 to	 have	
adequate	 visibility	 of	 their	 supply	 chain.	 This	 is	 a	 practice	 that	 is	 not	 only	 essential	 for	 the	
management	of	business	 risk	but	also	one	 that	 is	 key	 to	ENPD.	This	 is	not	an	 issue	 that	affects	
C004	 alone	 and	 they	 are	 working	 collaboratively	 with	 others	 within	 the	 industry	 to	 develop	
technology	that	enhances	the	industry’s	understanding	of	complex	supply	networks.	
Case	5:	Green	Procurement	in	ENPD	Organisation.	
A	 leading	 global	 manufacturer	 and	 supplier	 of	 residential,	 commercial	 and	 industrial	 use	 air	
conditioning	systems;	C005	is	a	multinational	company	with	a	well-established	presence	in	China,	
South-East	 Asia,	 Europe,	 North	 America,	 and	 its	 native	 Japan.	 The	 company	 employs	 a	 staff	 of	
approx.	56k,	has	over	80	production	bases	worldwide,	sells	its	products	in	over	140	countries	and	
achieves	 annual	 sales	 in	 excess	 of	 $10	 billion.	 C005	 is	 an	 innovation	 leader	 that	 focuses	 on	
cultivating	 next	 generation	 technology	 from	 three	 of	 its	 cutting	 edge	 core	 technologies.	 As	 a	





















pillars.	 One	 is	 regarding	 C005’s	 goal	 to	 be	 a	 leader	 in	 society	 by	 developing	 products,	
technologies,	 and	 business	 opportunities	 that	 contribute	 to	 sustaining	 and	 improving	 the	
environment	 through	 the	 development	 and	 implementation	 of	 environmental	 initiatives	 in	 all	
aspects	of	its	business	operations,	including	product	development,	production,	sales,	distribution,	
services	 and	 recycling.	 Another	 is	 to	 establish,	 promote,	 and	 continuously	 improve	 an	
environmental	management	 system	 (EMS)	 to	 actively	 and	 effectively	 implement	 environmental	
management	as	a	Group.	All	major	C005	bases	around	the	world	have	ISO	14001	Certification.	In	
Japan,	 all	 its	 bases	 and	 subsidiaries	 come	 under	 an	 integrated	 ISO	 14001-based	 EMS	 and	 the	
company	 is	working	towards	building	and	operating	the	EMS	across	 the	entire	group.	At	C005’s	
headquarters	 the	 Environmental	 Management	 Department	 is	 responsible	 for	 all	 EMS	 related	
issues,	the	department	 is	comprised	of	seven	groups	as	 illustrated	 in	Figure	69.	The	other	three	
guidelines	 are	 related	 to	 organisational	 learning	 surrounding	 environmental	 issues,	 promoting	
implementation	 of	 environmental	 initiatives	 by	 external	 organisations	 and	 openly	 disclosing	
environmental	information.		
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Historically,	 C005	 launched	 air	 conditioners	 developed	 for	 the	 Japanese	 market	 in	 overseas	
markets,	 which	 made	 them	 a	 hard	 sell	 with	 their	 overabundance	 of	 features	 and	 high	 prices.	
Resultantly,	 it	 spent	more	 time	on	product	development	 in	order	 to	 redesign	products	 to	meet	
the	demands	of	regional	needs.	As	C005	was	looking	to	rapidly	expand	its	worldwide	presence	in	

























Over	 90%	 of	 CO2	 emitted	 by	 an	 air	 conditioner	 throughout	 its	 life	 cycle,	 from	 design	 and	
manufacture	 to	 use	 and	 disposal,	 is	 emitted	 during	 the	 use	 phase.	 This	 means	 that	 the	
environmental	 performance	 of	 C005’s	 products	 is	 intrinsically	 linked	 to	 energy	 efficiency.	
Resultantly	 C005	 considers	 product	 environmental	 performance	 to	 be	 on	 par	 with	 other	 basic	
product	 development	 factors	 such	 as	 performance,	 aesthetics	 and	 ease	 of	 use.	 Along	 with	
switching	 to	 refrigerants	 that	 have	 the	 least	 possible	 burden	 on	 the	 environment	 and	making	
products	 easier	 to	 recycle	 at	 the	 end	 of	 their	 life,	 C005’s	 environmental	 efforts	 in	 product	
development	are	also	concerned	with	improving	energy	efficiency.	C005	practices	what	they	call	





adhere	 to	 strictly	when	developing	products.	They	primarily	use	 the	 life	 cycle	assessment	 (LCA)	
method	as	it	allows	them	to	determine	the	environmental	impact	at	each	stage	of	the	product’s	
lifecycle.	 Figure	71	 is	 an	 illustration	of	 the	 typical	 lifecycle	of	 C005’s	 products;	 the	design	 team	
considers	 the	 impact	of	products	at	 the	 stages	 shown	 in	 the	diagram.	Products	only	make	 it	 to	




























The	 design	 team	 is	 primarily	 involved	 the	 product	 development	 process;	 however	 they	 are	
supported	at	various	stages	of	the	process	by	members	of	production,	purchasing,	quality	control,	
sales	 and	 service	 and	 distribution.	 The	 contributions	 of	 the	 other	 functions	 are	 particularly	
evident	in	the	design	review	process	that	C005	adopts;	the	review	process	is	illustrated	in	Figure	
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C005	 also	 aim	 to	 procure	 parts	 and	 materials	 with	 as	 little	 environmental	 impact	 as	 possible.	
Resultantly,	C005’s	purchasing	department	practices	green	procurement.	This	means	that	as	they	
source	suppliers	 for	parts	and	materials	 to	go	 into	 their	products,	 they	will	prioritise	 those	 that	
aim	 to	 reduce	 their	 environmental	 impacts.	An	added	benefit	of	 green	procurement	 to	C005	 is	
that	it	links	to	risk	management	and	through	it	C005	can	ensure	that	its	products	do	not	contain	
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FIGURE	74:	ENVIRONMENTAL	ACTIONS	THROUGHOUT	THE	LIFECYCLE	OF	C005’S	PRODUCTS	(FROM	
DOCUMENTATION)	
The	 key	 to	 C005’s	 green	 procurement	 is	 purchasing	 green	 materials	 and	 parts	 from	 green	
suppliers	wherever	possible.	It	has	‘green	procurement	guidelines’	that	are	the	cornerstone	of	its	
procurement	 activities.	 To	 get	 them	 to	 conduct	 their	 business	 in	 an	 environmentally	 conscious	
manner,	C005	suppliers	are	required	to	follow	C005’s	‘green	procurement	guidelines’	when	they	
undertake	 their	 own	 procurement	 activities,	 and	 are	 also	 urged	 to	 establish	 and	 operate	 their	
own	EMS	and	obtain	 ISO14001.	C005	extends	 this	 to	all	 supplier	 in	 their	supply	base.	However,	
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depending	 on	 the	 products	 being	 supplied	 and	 the	 quantities,	 some	 suppliers	 are	 given	 the	
opportunity	to	voluntarily	opt	out.	It	has	a	system	of	managing	the	relationships	that	it	has	with	
its	suppliers	where	suppliers	are	segmented	based	on	the	products	that	they	supply.		
“We	 have	 been	 urging	 our	 suppliers	 to	 comply	 with	 our	 ‘green	 procurement	
guidelines’	 in	 order	 to	 conduct	 their	 business	 in	 an	 environmentally	 conscious	
manner.”	
One	 of	 the	 requirements	 in	 the	 ‘green	 procurement	 guidelines’	 is	 that	whenever	 suppliers	 are	
designing	anything	they	employ	eco-design.	When	sourcing	suppliers,	C005	gives	precedence	to	
those	 suppliers	 that	 actively	 undertake	 initiatives	 implementing	 their	 environment	 related	


















environmental	 management,	 C005	 have	 their	 data	 verified	 by	 a	 third	 party.	 Through	 these	
interactions,	 C005	 amasses	 a	 vast	 amount	 of	 information.	 It	 employs	 the	 use	 of	 business	




to	 the	 environmental	 performance	 of	 its	 products.	 Additionally,	 to	 promote	 environmental	
information	transmission,	C005	extend	beyond	their	direct	suppliers	and	make	requests	to	their	
second	and	third	tier	suppliers	that	they	also	adopt	their	‘green	procurement	guidelines.’	
“We	 take	 every	 possible	 opportunity	 to	 communicate	 with	 our	 suppliers	 and	
promote	mutual	understanding	and	trust.”	
To	help	 Japanese	 suppliers	 become	more	 internationally	 competitive	 and	 to	boost	 its	 ability	 to	
respond	 to	 sudden	 changes	 in	 market	 conditions,	 C005	 started	 an	 air	 conditioning	 purchasing	
cooperation	 association.	 Through	 the	 association	 it	 promotes	 information	 sharing	 among	
suppliers	so	that	they	can	build	among	them	a	relationship	of	mutual	benefit	and	growth.		
Conclusion	
C005	 has	 a	 culture	 that	 has	 environmental	 sustainability	 embedded	 deep	 in	 everything	 that	 it	
does;	 this	 extends	 from	 all	 its	 internal	 functions	 to	 its	 supply	 chain	 members.	 For	 C005,	
integrating	 environmental	 incentives	 into	 corporate	 management	 can	 lead	 to	 business	
performance,	business	expansion,	and	further	credibility	with	outside	parties.	It	not	only	aims	to	
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have	 all	 80	 of	 its	 production	bases	 adopt	 EMSs	 but	 also	 to	 have	 its	 suppliers	 do	 the	 same	 and	
encourage	 their	 suppliers	 to	 do	 the	 same	 as	 well.	 In	 C005’s	 view,	 the	 future	 will	 centre	 on	
environmental	issues	and	it	aims	to	be	a	leader	in	society	through	the	development	of	products,	
technologies,	 and	 business	 opportunities	 that	 contribute	 to	 sustaining	 and	 improving	 the	
environment.		
During	 product	 development,	 C005	 considers	 product	 environmental	 performance	 on	 par	 with	
other	 basic	 development	 factors.	 This	 means	 that	 it	 is	 not	 seen	 as	 an	 afterthought	 but	 is	 an	
integral	 part	 all	 the	 products	 that	 they	 develop.	 It	 is	 important	 that	 products	 only	 make	 it	 to	
market	 if	 they	 have	 better	 environmental	 performance	 compared	 to	 their	 predecessor.	 This	
environmental	 focus	 extends	 to	 their	 purchasing	 activity	where	 they	 aim	 to	 procure	 parts	 and	




their	 own	 ENPD.	 They	 try	 to	 purchase	 eco-friendly	 products	wherever	 possible.	When	 coupled	
with	 their	 emphasis	 that	 their	 suppliers	 adopt	 EMSs,	 this	 behaviour	 means	 that	 ENPD	 flows	
backwards	through	C005’s	supply	chains	turning	the	whole	chain	green.		
C005	does	not	leave	all	of	this	to	chance;	it	has	a	number	of	internal	and	external	guidelines	that	
are	 support	 various	 environmental	 initiatives.	 Additionally	 it	 is	 proactive	 and	 hands	 on	 when	
managing	 its	 suppliers	 and	 encourages	 open	 communication.	 It	 even	 takes	 extra	 measures	 to	
ensure	 the	 reliability	 of	 data	 coming	 in	 from	 the	 supply	 chain	 and	 improve	 its	mechanisms	 for	
environmental	 management	 by	 having	 data	 verified	 by	 a	 third	 party	 and	 extending	 its	
management	 to	 sub-tier	 suppliers	 within	 its	 supply	 chain.	 C005	 takes	 a	 very	 comprehensive	
approach	to	managing	it	environmental	initiatives.		
Case	6:	Compliance	in	ENPD	Organisation	
A	 provider	 of	 power	 systems	 and	 services	 for	 use	 in	 the	 air,	 on	 land	 and	 at	 sea,	 C006	 is	 a	
multinational	 holding	 company	 that	 primarily	 services	 four	 market	 sectors	 –	 civil	 aerospace,	
defence	aerospace,	power	generation	and	oil	and	gas	pumping,	and	commercial	and	naval	marine	
systems.	Predominantly,	but	not	exclusively,	C006’s	products	are	based	on	the	core	technology	of	
gas	 turbines;	 it	 is	 one	 of	 the	 world’s	 largest	 aircraft	 engine	 manufacturers	 in	 both	 civil	 and	
defence	 sectors.	 C006	 is	 a	 global	 business	 with	 customers	 in	 over	 150	 countries	 and	 an	
operational	presence	in	over	50	countries.	Across	all	sectors	it	has	a	global	workforce	of	approx.	
54K,	 15.5k	 of	 these	 are	 engineers.	 In	 civil	 aerospace,	 the	 sector	 where	 C006	 has	 the	 biggest	
presence,	 it	 has	 23K	 employees	worldwide.	 C006	designs,	 develops,	manufactures	 and	 services	




C006’s	 core	 gas	 turbine	 technology	 has	 created	 one	 of	 the	 broadest	 product	 ranges	 of	 aero-
engines	 in	 the	 world,	 with	 50K	 engines	 in	 service	 with	 airlines,	 2.4K	 utility	 and	 corporate	
operators	 and	 then	 100	 armed	 forces.	With	 a	 large	 and	 growing	 portfolio	 of	 products	 and	 an	
increasingly	comprehensive	range	of	services,	C006	invests	heavily	in	R&D.	It	invests	approx.	£1.1	
billion	 into	 R&D	 annually;	 this	 investment	 goes	 into	 technologies	 that	 help	 improve	 the	
effectiveness	 of	 their	 development	 programmes	 as	well	 as	 technologies	 they	 intend	 to	 take	 to	
market.	With	 approx.	 600	 patent	 applications	 per	 annum,	 C006	 is	 one	 of	 the	 strongest	 patent	
filers	in	the	UK.		
Due	to	C006’s	engineering	expertise	and	strong	tradition	of	innovation,	many	of	its	products	are	
currently	market	 leaders	 in	 terms	 of	 environmental	 performance.	 Environmental	 requirements	
are	 embedded	 into	 the	 detailed	 specifications	 of	 C006’s	 products	 and	 they	 focus	 on	 making	
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products	 cleaner,	 quieter	 and	 more	 efficient.	 Over	 two	 thirds	 of	 C006’s	 investment	 in	 R&D	 is	
dedicated	 to	 the	 improving	 environmental	 performance	 to	 lower	 fuel	 consumption,	 emissions	









impacts	 lies	 as	 they	 aim	 to	 reduce	 fuel	 consumption,	 noise	 and	 emissions.	 However,	 this	 also	
means	that	environmental	impacts	from	other	phases	of	the	lifecycle	tend	to	be	overlooked.			
“We	 are	 more	 specific	 in	 what	 we	 mean	 by	 green,	 it	 comes	 down	 to	 fuel	
consumption	for	example…	Product	design	is	more	driven	by	CO2	in	the	use	phase	
and	not	in	the	manufacturing	phase	or	the	supply	chain.”		
With	products	designed	 to	have	 such	a	 long	operational	 life,	environmental	problems	evolve	 in	
this	time	making	 it	difficult	to	foresee	what	future	considerations	might	be.	Additionally,	C006’s	
products	 are	 technically	 mature	 which	 limits	 the	 freedom	 that	 designers	 have	 to	 make	 more	
significant	 changes.	 This	 also	 extends	 to	 their	 supply	 chains,	 their	 supply	 base	 remains	 largely	
constant	and	they	try	to	utilise	existing	supply	channel	for	any	new	products.		
“There	 is	 a	 lot	 less	 scope	 to	 be	 creative	within	 the	 product	 development	 process	
because	of	the	long	lifecycle	of	products	and	because	we	are	producing	spares	for	
products	that	were	designed	thirty	years	ago.”	
While	 they	 currently	 focus	 on	 ‘in-use’	 impacts	 of	 their	 products,	 C006	 are	 open	 to	 exploring	
environmental	 performance	 improvements	 outside	 the	 ‘in-use’	 phase	 if	 they	 are	 proven	 to	
transform	into	a	business	benefit,	either	through	customer	value	or	by	reducing	operation	costs.		
“…	we	have	a	new	technology	for	this	we	need	a	different	supply	chain	or	we	need	





of	 its	 business.	 C006	 acts	mainly	 a	 system	 integrator	 and	 a	 prime	 contractor;	 Figure	 75	 shows	
what	 C006’s	 supply	 chain	 looks	 like	 and	 the	 interactions	 between	 the	 different	 tier	 suppliers.	
While	there	is	no	typical	C006	supply	chain,	as	its	design	is	highly	dependent	on	the	product	and	
nature	of	component,	a	C006	supply	chain	can	be	up	to	10	tiers	deep.		To	successfully	meet	the	
challenges	 set	 by	 its	 customers	 C006	 needs	 to	 continuously	 improve	 and	 develop,	 as	 do	 its	
suppliers.	C006	believes	that	the	key	to	achieving	its	increasingly	challenging	goals	is	to	work	with	
its	suppliers	to	develop	mutual	respect,	shared	goals,	open	and	honest	relationships	and	to	help	
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C006	classifies	 it	 supply	base	 into	strategic	and	non-strategic	 suppliers.	









C006	 has	 an	 A-C	 classification	 of	 items	 supplied	 by	 its	 suppliers;	 this	
denotes	 the	 criticality	 of	 the	 items	 and	 influences	 how	 the	 items	 and	
suppliers	are	handled.	In	some	cases,	C006	outsources	the	procurement	




C006’s	 engineers	 work	 with	 suppliers	 to	 improve	 suppliers’	 processes	
and	mitigate	any	risk	that	their	operations	might	place	on	C006’s	ability	
to	 deliver.	 It	 invests	 in	 developing	 the	 supplier’s	 ability	 to	 deliver	 on	
time,	at	low	cost	and	high	quality.	C006	also	encourages	its	suppliers	to	
develop	 complementary	 capabilities	 by	 sharing	 knowledge	 and	
transferring	 technology.	 In	 some	 cases	 suppliers	 are	 delegated	 more	




for	 supplier	 quality	 assurance;	 the	 first being	 a	 standard	 set	 of	 processes,	 requirements	 and	
framework	agreed	upon	with	its	suppliers.	The	second	is	a	supplier	portal	that	can	to	be	accessed	
by	 suppliers	 and	 C006	 employees	 anytime;	 the	 portal	 enhances	 and	 accelerates	 purchasing	
business	functions.		




this	 involves	 assessments	 that	 primarily	 measure	 the	 capability	 and	 performance	 of	
suppliers		
• Supplier	 Development	 –	 issues	 of	 delivery	 performance	 are	 assessed	 and	 required	
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improvement	areas	are	highlighted	on	the	required	areas	of	the	supply	chain.		
• Supplier	 Quality	 –	 verification	 of	 deliverables	 in	 the	 supply	 chain	 is	 achieved	 by	 many	
activities	including	physical	testing,	process	observing,	and	documentation	reviewing.	


















One	 of	 the	 biggest	 environmental	 risks	 faced	 by	 C006	 is	 associated	 with	 the	 Registration,	
Evaluation,	 Authorisation	 and	 Restriction	 of	 Chemicals	 (REACH)	 regulation.	 REACH	 is	 a	 EU	










due	 to	 the	 effort	 required,	 some	 of	 their	 suppliers	 might	 chose	 to	 stop	 producing	 certain	
materials	meaning	C006	has	to	 find	replacements	 for	 those	materials	 too.	As	materials	affected	
by	REACH	continue	to	change,	this	is	an	issue	that	persists.		
	“To	develop	product	and	process	 information	we	have	 to	understand	 sufficiently	
well	what	our	product	is	and	what	is	used	to	make	it.”	
While	 REACH	 falls	 within	 the	 chemicals	 management	 group	 within	 the	 Health,	 Safety	 and	
Environment	 Department,	 it	 requires	 cross-functional	 teams	 with	 members	 from	 Purchasing,	
Engineering	and	Design,	and	Manufacturing	working	together.	When	the	REACH	regulation	was	to	
be	introduced,	C006	set	out	to	ensure	that	it	and	some	of	its	suppliers	were	in	a	position	to	attain	


































































highlight	 how	 difficult	 the	 task	was	 to	 the	workforce.	 By	 introducing	 it	 slowly,	 there	would	 be	
more	time	to	prepare	and	adjust	to	the	new	changes.		
C006’s	supply	chains	are	 long,	complex	and	comprise	of	8+	tiers;	they	 look	 like	the	supply	chain	
shown	 in	 Figure	 76.	 The	map	 shows	 that	 C006’s	 supply	 chains	 are	 likely	 to	 be	 comprised	 of	 a	
number	 of	 SMEs	 in	 the	middle,	 as	 well	 as	 a	 small	 number	 of	 chemical	 formulators	 that	 serve	
multiple	chain	members.	C006	has	to	have	a	deep	understanding	of	its	supply	chain,	supply	chains	
are	 surprisingly	 complex,	 not	 every	 actor	 can	 apply	 nor	 has	 the	 same	 commercial	 interests;	
understanding	 the	 supply	 chain	 helps	 C006	 understand	 intentions	 and	 strategy.	 It	 does	 this	
through	 supply	 chain	 mapping	 and	 sharing	 information	 through	 the	 supply	 chain.	 Due	 to	 the	
sheer	 size	 of	 its	 supply	 chain	 C006	 cannot	 map	 the	 whole	 supply	 chain.	 While	 in	 the	 past	 it	
worked	 to	 track	 back	 through	 its	 supply	 chain,	 today	 it	 strategically	 maps	 its	 supply	 chains.	 It	
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FIGURE	76:	TYPICAL	C006’S	SUPPLY	CHAIN	(FROM	DOCUMENTATION)	
When	 it	 first	 embarked	 on	 the	 REACH	 issue,	 C006	 knew	 that	 the	 task	 would	 require	 cross-
functional	teams	and	new	information	to	be	collected	within	companies	and	passed	up	and	down	
the	 supply	 chain.	 It	 anticipated	 that,	 due	 to	 their	 size,	 SMEs	would	 find	 the	 first	 task	 relatively	
easy	as	coordinating	a	 small	 company	would	be	 less	complex	and	 that	 the	second	would	prove	
more	challenging	as	the	SMEs	would	not	have	the	resources	that	would	allow	them	to	acquire	this	
new	information.	What	they	found	however,	was	that	both	would	prove	challenging	for	SMEs.		
C006	 does	 not	 expect	 to	 have	 communication	 flowing	 effectively	 across	 the	 supply	 chain	
particularly	 due	 to	 SMEs.	 It	 is	 C006’s	 view	 that	 typical	 SMEs	 do	 not	 have	 an	 understanding	 of	
REACH	and	that	it	is	these	companies	that	usually	occupy	the	middle	tiers	in	its	supply	chains,	this	
creates	bottlenecks	in	communication.	To	fully	partake	in	the	level	of	communication	required	a	
company	would	need	to	have	an	employee	 that	 is	 fully	dedicated	 to	 the	 role;	 this	 is	 something	
that	is	unaffordable	to	SMEs	due	to	their	lack	of	capacity.		
“You	 need	 to	 be	 full	 time	 to	 really	 understand	 (REACH).	 	 To	 expect	 that	
communication	 be	 flowing	 through	 the	 supply	 chain	 effectively	 is	 unreasonable	
therefore	you	don’t	expect	any	relationship.”	
This	means	that	SMEs	struggle	with	not	only	with	the	amount	of	work	required	internally	but	also	
with	 external	 interactions;	 close-knit	 relationships	 are	 harder	 for	 C006	 to	 foster	 with	 smaller	
companies.	For	an	SME	to	fully	be	engaged	 in	REACH	activities,	 they	have	to	have	a	member	of	
staff	dedicated	100%	to	the	role	of	understanding	and	working	on	the	Issue.	
REACH	 has	 proven	 to	 be	 a	 complex	 issue,	 particularly	 for	mid-chain	 SMEs	within	 C006s	 supply	
chain,	 this	 is	not	made	easier	by	 the	 fact	 that	C006	has	a	global	 supply	 chain	which	 introduces	
further	communication	issues.	What	it	requires	from	suppliers	depends	highly	on	the	supplier	and	
what	 they	 are	 providing.	 When	 C006	 has	 designed	 the	 product	 and	 the	 supplier	 is	 only	




Having	 knowledge	 of	 the	 different	 tiers	within	 their	 supply	 chain	means	 that	 C006	 can	 bypass	
certain	 suppliers	 and	 target	 others.	 For	 example,	 it	 has	 been	working	 on	 determining	who	 the	
formulators	 are	 by	 bypassing	 some	 of	 the	 SMEs	 and	 getting	 information	 straight	 from	 the	
formulators,	 this	 means	 that	 the	 information	 requests	 are	 more	 targeted	 and	 do	 not	 trickle	
backwards	through	the	chain.		
It	 is	not	only	mid-chain	SMEs	that	cause	challenges	for	C006.	 In	cases	where	C006	 is	purchasing	
small	 quantities	 it	 finds	 that	 despite	 its	 size	 as	 a	 large	 multination	 company	 it	 does	 not	 have	
enough	 influence	 to	 urge	 big	 upstream	 chemical	 producers	 to	 go	 through	 the	 authorisation	
process	 with	 certain	 chemicals	 if	 the	 transactions	 do	 not	 make	 business	 sense.	 The	 chemical	
producer	decides	to	discontinue	producing	a	chemical	purely	because	the	authorisation	processes	
is	 too	 cumbersome	 for	 the	 amount	 they	 are	 producing.	 This	 is	 one	 of	 the	 cases	 where	
obsolescence	is	a	big	risk.		
Internally,	in	addition	to	buying	raw	materials,	the	purchasing	department	is	in	charge	of	handling	
supplier	 declarations.	 This	 means	 that	 they	 have	 the	 responsibility	 of	 ensuring	 that	 suppliers	
provide	 material	 declarations	 because	 without	 those	 declarations	 C006	 cannot	 make	 its	 own	
declarations.	 Due	 to	 the	 complex	 nature	 of	 C006’s	 products,	 its	 product	 development	 involves	
system	design;	 it	 is	about	how	components	fit	 into	the	system.	Unlike	with	smaller	products,	no	
one	owns	the	design	or	development	of	 the	whole	process	of	creating	aircraft.	This	means	that	
different	parties	make	varying	contributions	to	the	process.		




had	with	 the	designers	 regarding	 compliance	 issues;	 it	 is	 out	 of	 their	 scope.	Designers	will	 find	
that	 over	 time	 some	 of	 the	 materials	 they	 are	 used	 to	 seeing	 in	 the	 materials	 specification	
selector	are	no	longer	there,	they	need	to	work	within	those	constraints.	
“…	it’s	changing	all	the	time	and	the	idea	that	we	can	keep	everyone	up	to	date	in	




how	to	manage	 it.	C006	has	a	product	 lifecycle	management	system	that	allows	 information	 to	
not	only	be	captured	 from	designers	during	 the	design	process,	but	also	 from	suppliers	as	 they	
conduct	 their	 design	 activities.	 Additionally,	 C006	 continues	 to	 conduct	 research	 into	materials	
and	 generating	 new	 knowledge.	 It	 now	 has	 an	 inventory	 of	 materials	 and	 substances	 that	 is	
continually	 updated,	 it	 details	where	 substances	 are	 used	 and	 the	 volumes,	 suppliers,	 factories	
etc.	 associated	with	 the	 substances.	 It	 is	 the	use	 these	 information	 systems	 that	 allow	C006	 to	
manage	 not	 only	 materials	 and	 substance	 lists	 but	 also	 ensure	 that	 they	 keep	 on	 top	 of	
compliance	and	obsolescence	issues.		
From	C006’s	viewpoint,	 compliance	and	obsolescence	are	 industry	wide	 issues	 that	can	only	be	
tackled	by	developing	relationships	with	suppliers.	C006	recognises	that	 its	suppliers	have	many	
customers	 and	 desire	 consistency	 of	 approach	 in	 making	 declarations,	 resultantly	 C006	 will	





With	 its	 products	 having	 the	 most	 environmental	 impacts	 in	 the	 use	 phase,	 and	 with	
environmental	 requirements	 addressing	 fuel	 consumption,	 emissions	 and	 noise	 an	 integral	
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component	 of	 product	 specifications,	many	 of	 C006’s	 products	 are	market	 leaders	 in	 terms	 of	
environmental	performance.	While	they	focus	mainly	on	‘in-use’	environmental	improvements	as	
those	 have	 the	 biggest	 impacts,	 if	 other	 phase	 improvements	 are	 proven	 to	 transform	 into	 a	
business	 benefit,	 either	 through	 customer	 value	 or	 by	 reducing	 operation	 costs,	 then	C006	 are	
open	to	exploring	 them.	C006’s	strategy	 is	 to	 focus	on	those	 improvements	 that	have	the	most	
impact	on	the	environment.		
As	a	system	integrator	with	very	large	product,	C006	has	a	very	complex	and	large	global	supply	
chain.	 C006	 manages	 it	 supply	 chain	 through	 frameworks	 and	 information	 technology	 and	
encourages	 its	 suppliers	 to	 adopt	 initiatives,	 such	 as	 EMS,	 that	 will	 improve	 them.	 Within	











strategically	 targeting	 those	 supply	 chain	members	 that	were	most	 critical	 and	bypassing	 those	
that	were	not.	While	C006	took	an	 incremental	approach	to	tackling	the	 issue,	 it	did	not	aim	to	
inform	everyone	within	 the	organisation	about	 it.	Only	 those	 that	were	directly	 responsible	 for	
gathering	 information,	 like	 the	 purchasing	 and	 materials,	 are	 involved	 with	 REACH	 matters.	
Designers	 for	 example	 who	 work	 with	 some	 of	 the	 substances	 affected	 have	 no	 working	
knowledge	 of	 risk,	 what	 they	 are	 presented	 with	 is	 a	 list	 of	 substances	 that	 they	 can	 use	 in	
product	 development	 that	 has	 already	 been	 deemed	 REACH	 compliant.	 Due	 to	 the	 size	 of	 the	
organisation,	and	with	legislative	agenda	continually	changing,	C006	made	a	strategic	decision	to	
focus	 on	 managing	 the	 situation	 rather	 than	 ensuring	 widespread	 understanding	 among	 the	
employees.		
For	 C006,	 REACH	 is	 an	 issue	 that	 can	 be	 tackled	 by	 developing	 relationships	 with	 suppliers,	


















One	 year	 ago,	 CleanAir	 introduced	 the	 1st	 generation	 Stylish	 wall	 cooker	 hood.	 Following	 its	
success,	 CleanAir	 is	 looking	 to	 launch	 the	 next	 generation	 Stylish	 cooker	 hood.	 Named	 the	
StylishEco,	the	new	cooker	hood	aims	to	have	an	outstanding	environmental	performance	profile.		
ABOUT	CLEANAIR		
Located	 in	 Fabriano,	 Italy,	 CleanAir	 has	 been	 producing	 high	 quality	 cooker	 hoods	 since	 1955.	
With	50%	market	share,	 it	 is	the	market	 leader	 in	 Italy	–	a	country	that	values	premium	kitchen	
ventilation.	 CleanAir	 products	 show	 the	 company	wide	 commitment	 to	 technology,	 quality	 and	
design.	 	 Its	 expertise	 lies	 in	 the	 design	 and	 assembly	 of	 cooker	 hoods.	 All	 cooker	 hoods	 are	
designed	 in	 house	 and	 incorporate	 a	mixture	of	 standard	 and	made	 to	 order	 parts.	 After	 parts	




reflect	 its	 commitment	 to	 environmental	 issues.	 As	 part	 of	 this,	 CleanAir	 conducted	 an	









verification.	 	 The	 StylishEco	 will	 be	 characterised	 by	 differences	 that	 aim	 at	 lowering	
environmental	impacts	during	various	life	cycle	stages.		
You	have	been	assigned	the	role	of	product	designer	on	the	project	and	it	 is	your	role	to	design	



















process.	 During	 the	 exercise	 the	 facilitator	 is	 not	 allowed	 to	 divulge	 extra	 information	 but	 can	
answer	 any	 questions	 that	 you	 have	 and	 offer	 clarifications.	 The	 facilitator	 will	 be	 asking	 you	





















































MAXIMUM	EXTRAXCTION	POWER	 660	m3/h	 	 NUMBER	OF	MOTORS	 1	
NUMBER	OF	SPEEDS	 4	 	 FILTERING	 	
INTENSIVE	SPEED		 	 	 GREASE	FILTER	TYPE	 Metal	
NOISE	LEVEL	(LOW	SPEED)	 45	dB	 	 DISHWASHER	PROOF	FILTER	 	
NOISE	LEVEL	(MEDIUM	SPEED)	 56	dB	 	 REMOVABLE	FILTER	 	
NOISE	LEVEL	(HIGH	SPEED)	 63	dB	 	 	 	
	 	 	 POWER	 	
DESIGN	 	 MOTOR	POWER	 250	W	
TYPE	 Wall-mounted	 	 LAMP	POWER	 3	W	
LAMPS	QUANTITY	 2	 	 	 	
LAMP	TYPE	 Halogen	 	 WEIGHT	AND	DIMENSIONS	 	
MATERIAL	 Glass,	Stainless	steel	 	 WITDTH	 898	mm	
COLOUR	OF	PRODUCT	 Mirror,	Stainless	steel	 	 DEPTH	 470	mm	
CONTROL	TYPE	 Touch	 	 HEIGHT	(MIN)	 790	mm	
EXHAUST	CONNECTION	DIAMETER	 120	mm	 	 HEIGHT	(MAX)	 1060	mm	























































REF.		 NAME	 NO.	 REF.		 NAME	 NO.	 REF.		 NAME	 NO.	 REF.		 	 NO.	
301	 Cover	Electric	Wiring	 1	 307	 Blower	Bottom	 1	 313	 Motor	Bracket	 1	 320	 Blower	Left	 1	
302	 Supply	Cable	 1	 308	 Motor	Cable	Clamp	 1	 314	 Impeller	Right	 1	 324	 Blower	Bolt	 2	
304	 Capacitor	 1	 309	 Electric	Motor	 1	 315	 Cap	Nut	Impeller	 2	 328	 Motor	Bolt	 3	
305	 Connector	 1	 310	 Impeller	Left	 1	 316	 Blower	Right	 1	 329	 Motor	Nut	 3	

























































































TYPE	 SHAPE	 DESIGN	 CAP	 FINISH	 WATTAGE	 VOLTAGE	 EQUIV.	












20	W	 12	V	 35	W	 46	mm	 50	mm	 4000	hrs	 36°	 300	 B	 Light	A	 £	2.38		 1	
Spotlight	 MR16	 20	W	 12	V	 35	W	 45	mm	 50	mm	 4000	hrs	 36°	 300	 B	 Light	B	 £	2.82	 2	
Spotlight	 MR16	 20	W	 12	V	 35	W	 44	mm	 50	mm	 5000	hrs	 36°	 300	 C	 Light	D	 £	3.61	 3	








35	W	 12	V	 35	W	 48	mm	 50	mm	 2000	hrs	 38°	 430	 F	 Light	A	 £	0.86	 5	
Spotlight	 MR16	 35	W	 12	V	 35	W	 45	mm	 50	mm	 2000	hrs	 38°	 430	 F	 Light	D	 £	1.30	 6	
Spotlight	 MR16	 35	W	 12	V	 35	W	 48	mm	 50	mm	 2000	hrs	 38°	 430	 F	 Light	B	 £	0.69	 7*	







35	W	 12	V	 35	W	 48	mm	 50	mm	 5000	hrs	 38°	 430	 D	 Light	B	 £	1.34	 9	
Spotlight	 MR16	 35	W	 12	V	 35	W	 45	mm	 50	mm	 5000	hrs	 38°	 430	 D	 Light	C	 £	1.69	 10	
Spotlight	 MR16	 35	W	 12	V	 35	W	 48	mm	 50	mm	 5000	hrs	 38°	 430	 D	 Light	D	 £	1.50	 11	






35	W	 12	V	 35	W	 45	mm	 50	mm	 3000	hrs	 38°	 350	 D	 Light	A	 £	2.42	 13	
Spotlight	 MR16	 35	W	 12	V	 35	W	 45	mm	 50	mm	 3000	hrs	 36°	 350	 D	 Light	C	 £	3.05	 14	
Spotlight	 MR16	 35	W	 12	V	 35	W	 44	mm	 50	mm	 3000	hrs	 38°	 350	 D	 Light	D	 £	2.75	 15	





7	W	 12	V	 35	W	 45	mm	 50	mm	 15000	hrs	 36°	 350	 A	 Light	E	 £	6.38	 17	
Spotlight	 MR16	 5	W	 12	V	 35	W	 48	mm	 50	mm		 15000	hrs	 36°	 380	 A+	 Light	G	 £	7.50	 18	
Spotlight	 MR16	 5.5	W	 12	V	 35	W	 49	mm	 50	mm	 25000	hrs	 36°	 330	 A	 Light	H	 £	9.21	 19	




















230	W	 1500	rpm	 230	V	 680	m/h3	 24	%	 54.2	W	 50	Hz	 Motor	A	 £	4.	67	 1*	
230	W	 1500	rpm	 230	V	 680	m/h3	 24	%	 54.2	W	 50	Hz	 Motor	B	 £	5.59	 2	
200	W	 1500	rpm	 230	V	 686	m/h3	 28	%	 56	W	 50	Hz	 Motor	C	 £	7.07	 3	





160	W	 1800	rpm	 230	V	 688.8	m/h3	 41	%	 65.6	W	 50	Hz	 Motor	B	 £	9.16	 5	
160	W	 1800	rpm	 230	V	 688.8	m/h3	 41	%	 65.6	W	 50	Hz	 Motor	A	 £	9.	90	 6	
130	W	 1800	rpm	 230	V	 680.4	m/h3	 48	%	 64.8	W	 50	Hz	 Motor	E	 £	10.12	 7	




150	W	 2000	rpm	 230	V	 700	m/h3	 50	%	 75	W	 50	Hz	 Motor	A	 £	11.25	 9	
150	W	 2000	rpm	 230	V	 700	m/h3	 50	%	 75	W	 50	Hz	 Motor	C	 £	12.13	 10	
110	W	 2000	rpm	 230	V	 689	m/h3	 66	%	 72.6	W	 50	Hz	 Motor	E	 £	14.40	 11	


















Stainless	Steel	 Stainless	Steel	 Yes		 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 1	
Stainless	Steel	 Aluminium	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 2	
Aluminium		 Aluminium	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 3*	
Aluminium	 Stainless	Steel	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 4	
Stainless	Steel	 Stainless	Steel	 Yes		 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 5	
Stainless	Steel	 Aluminium	 Yes	 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 6	
Aluminium		 Aluminium	 Yes	 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 7	





Stainless	Steel	 Stainless	Steel	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 9	
Stainless	Steel	 Aluminium	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 10	
Aluminium		 Aluminium	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 11	
Aluminium	 Stainless	Steel	 Yes	 Yes	 No	 420	 260	 20	 700	m/h3	 Filter	A	 £	3.20	 12	
Stainless	Steel	 Stainless	Steel	 Yes		 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 13	
Stainless	Steel	 Aluminium	 Yes	 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 14	
Aluminium		 Aluminium	 Yes	 Yes	 No	 420	 260	 10	 700	m/h3	 Filter	A	 £	4.40	 15	




FILTER	TYPE	 WASHABLE	 DISPOSABLE	 LIFE	 LENGTH	 WIDTH	 DEPTH	 RATED	AIR	FLOW	 SUPPLIER	 PRICE	 OPTION	
CARBON	FILTER	
No	 Yes	 3-4	months	 420	 260	 30	 700	m/h3	 Filter	A	 £	3.40	 1	
No	 Yes	 3-4	months	 420	 260	 15	 700	m/h3	 Filter	A	 £	4.15	 2	
No	 Yes	 3-4	months	 420	 260	 30	 700	m/h3	 Filter	B	 £	3.35	 3	
No	 Yes	 3-4	months	 420	 260	 15	 700	m/h3	 Filter	B	 £	4.00	 4	
LONG	LIFE	FILTER	
Yes	 No	 3-4	years	 420	 260	 30	 700	m/h3	 Filter	A	 £	6.50	 5	
Yes	 No	 3-4	years	 420	 260	 15	 700	m/h3	 Filter	A	 £	7.09	 6	
Yes	 No	 3-4	years	 420	 260	 30	 700	m/h3	 Filter	B	 £	5.90	 7	
Yes	 No	 3-4	years	 420	 260	 15	 700	m/h3	 Filter	B	 £	6.70	 8	
	
Blower			 	 	 	 	 	 	 																																 Impeller	
MATERIAL	 SUPPLIER		 PRICE	 OPTION	 	 MATERIAL	 SUPPLIER		 PRICE	 OPTION	
GALVANISED	STEEL	
Custom	A	 £	1.69	 1	 	
GALVANISED	STEEL	
Custom	A	 £	1.30	 1	
Custom	B	 £	1.90	 2	 	 Custom	B	 £	1.45	 2	
Custom	C	 £	1.35	 3	 	 Custom	C	 £	1.15	 3	
POLYPROPYLENE	
Custom	D	 £	1.20	 4	 	
POLYPROPYLENE	
Custom	D	 £	0.90	 4	
Custom	E	 £	0.67	 5	 	 Custom	E	 £	0.45	 5	
Custom	F	 £	0.58	 6	 	 Custom	F	 £	0.40	 6	
Packaging	










































32	Ton	Truck	110	km	 China	 5	 3	 5	 6	 5	 5	 8	
ISO	9001,	
OSHAS	18001.	 4.5	
LIGHT	C	 32	Ton	Truck	56	km	 Italy	 7	 7	 6	 7	 6	 6	 5	 ISO	9001,	ISO14001,	OSHAS	18001.	 6.3	
LIGHT	D	 32	Ton	Truck	36	km	 Italy	 7	 8	 7	 8	 6	 7	 6	 ISO	9001,	OSHAS	18001.	 7.4	
LIGHT	E	 Sea	Freight	17	000	km	32	Ton	Truck	70	km	 China	 7	 5	 6	 6	 5	 4	 8	
ISO	9001,	
OSHAS	18001.	 5.9	
LIGHT	F	 32	Ton	Truck	430	km	 France	 5	 6	 8	 2	 6	 7	 6	 ISO	9001,	ISO14001,	OSHAS	18001	 5.7	
LIGHT	G	 Sea	Freight	17	000	km	32	Ton	Truck	310	km	 China	 6	 4	 7	 8	 4	 7	 9	
ISO	9001,	ISO14001,	
OSHAS	18001	 6.4	

































MOTOR	A	 Sea	Freight	17	000	km	32	Ton	Truck	110	km	 China	 6	 5	 6	 6	 7	 6	 5	
ISO	9001,		
OSHAS	18001.	 5.8	
MOTOR	B	 32	Ton	Truck	730	km	 Italy	 7	 8	 4	 7	 6	 6	 7	 ISO	9001,		OSHAS	18001.	 6.4	





MOTOR	D	 32	Ton	Truck	2100	km	 Romania	 5	 6	 3	 4	 7	 6	 7	 ISO	9001,		OSHAS	18001.	 5.4	



































































































































BOX	B	 32	Ton	Truck	20	km	 Italy	 7	 7	 8	 8	 9	 7	 6	 ISO	9001,	OSHAS	18001.	 7.4	
BOX	C	 32	Ton	Truck	23	km	 Italy	 5	 6	 7	 8	 8	 8	 8	 ISO	9001,	OSHAS	18001.	 7	























Reduction	Flange	 Terni	Polimeri	to	Fabriano	(AN)	 32	Ton	Truck	 160	
Grease	Filter	 Tunisia	to	Porto	di	Ancona	 Sea	Freight	 1	700	
Porto	di	Ancona	to	Fabriano	(AN)	 32	Ton	Truck	 72	
Control	Bracket	 SabaPlast	to	Fabriano	(AN)	 32	Ton	Truck	 46	
Easy	Cube	 Centro	Lamiere	S.R.L.	to	Fabriano	(AN)	 32	Ton	Truck	 440	
Lamps	 China	to	Porto	di	Ancona	 Sea	Freight	 17	000	
Porto	di	Ancona	to	Fabriano	(AN)	 32	Ton	Truck	 110	
Front	Control	Glass	 Borgna	Vetri	to	Fabriano	(AN)	 32	Ton	Truck	 670	
Blower		 Metalplast	 32	Ton	Truck	 22	
Electric	Motor	 China	to	Porto	di	Ancona	 Sea	Freight	 17	000	
Porto	di	Ancona	to	Fossato	di	Vico	(PG)	 32	Ton	Truck	 72	
Fassoto	di	Vico	to	Fabriano	(AN)	 32	Ton	Truck	 23	
Printed	Wire	Board	 China	to	Porto	di	Ancona	 Sea	Freight	 17	000	
Porto	di	Ancona	to	Fossato	di	Vico	(PG)	 32	Ton	Truck	 72	
Fassoto	di	Vico	to	Fabriano	(AN)	 32	Ton	Truck	 23	




















































































































































































































































































































































































































































deduced	 that	 only	 the	 LED	options	would	not	 need	 to	be	 replaced	 if	 used	 in	 the	new	product.	
They	supposed	that	because	of	 their	superior	performance	the	LEDs	would	cost	more	however,	
they	would	 have	 the	 added	 benefit	 of	 not	 requiring	 replacement	 and	 they	would	 also	 use	 less	
electricity	throughout	them	in-use	life;	not	only	would	they	be	a	better	environmental	choice	but	




replacements	 for	 the	 current	motor	 choice.	 This	was	 because	 they	 felt	 that	 their	 better	 use	 of	




and	could	outline	what	made	 the	options	different	 from	one	another	and	how	 that	 could	have	
environmental	 performance	 implications.	 They	 noted	 that	 it	 was	 possible	 to	 have	 filters	made	
from	 a	 single	material,	 making	 them	 easier	 to	 recycle	 and	 that	 it	 was	 also	 possible	 to	 have	 a	
reduced	 filter	 thickness	which	would	 lessen	 the	materials	used	 in	manufacturing	 the	 filters	and	


















	 P002	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 1.00	 0.883	 BETTER	 0.792	 BETTER	
COST	 £47.14	 £45.81	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.47	 £0.52	 BETTER	 £0.49	 BETTER	
SCG	 2.049	 2.046	 BETTER	 1.919	 BETTER	
RELATIVE	SCG	 68%	 68%	 SAME	 64%	 BETTER	
	
During	the	entire	exercise,	P002	did	not	refer	back	to	the	LCA	report’s	section	on	the	impacts	of	
the	 cookerhood.	This	 could	mean	 that	 they	blindly	decided	 to	 change	 the	parts	purely	because	
they	 could	 and	 did	 not	 consider	 the	 impacts	 that	 the	 different	 parts	 had;	 however,	 it	 is	 also	
equally	 possible	 that	 though	 the	 initial	 run	 though	 of	 the	 problem,	 they	mentally	 retained	 the	
information	regarding	impacts	and	knew	that	they	had	to	make	improvements.		
Upon	 completion	 of	 the	 exercise,	 P002	 remarked	 that	 not	 knowing	 anything	 beyond	 the	
performance	 of	 the	 parts	 and	 not	 having	 more	 stringent	 specifications	 regarding	 what	 was	
acceptable	and	what	wasn’t	made	making	decisions	harder.	The	exercise	was	designed	such	that	
a	 lot	 is	 left	 to	 the	 participant	 to	 decide	 e.g.	 there	 were	 no	 specifications	 as	 to	 how	 the	 new	
product	had	to	perform	environmentally	beyond	being	better	than	the	last	one,	how	much	it	was	
better	by	was	 left	 to	 the	participant’s	discretion.	 It	 is	 this	 that	 seemed	 to	make	 the	participant	
uncomfortable	and	 less	 sure	about	 the	decisions	 they	were	making.	They	also	commented	 that	























capacitor	 to	be	 in	 the	new	StylishEco.	As	 they	worked	 through	 the	exercise,	P003	did	not	 refer	
back	to	the	LCA	report	but	rather	just	focused	on	making	choices	based	on	what	they	were	told	
they	could	change.	Had	they	considered	that	it	is	the	component	with	the	biggest	impact	on	the	




that	 they	 were	 able	 to	 come	 to	 the	 conclusion	 that	 there	 were	 options	 that	 would	 offer	






odour	 filter	 would	 result	 in	 a	 cookerhood	 with	 added	 functionality	 and	 this	 could	 be	 a	 selling	
point.	This	added	functionality	could	possibly	offset	the	extra	costs	that	were	incurred	due	to	the	
environmental	 improvements	 that	were	being	made.	Ultimately	 you	 could	 charge	 the	end	user	
more	money	 to	 have	 a	 product	 that	 performs	 better	 environmentally	 and	 has	 extra	 functions	





fact	 that	 they	were	adding	an	extra	part	and	 that	would	have	a	negative	 impact	on	 the	overall	
environmental	 performance	 of	 the	 cookerhood,	 but	 had	 benefits	 in	 other	 areas,	 so	 it	 was	
important	to	reduce	its	impacts.	







	 P003	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.776	 0.883	 WORSE	 0.792	 WORSE	
COST	 £41.50	 £45.81	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.52	 WORSE	 £0.49	 WORSE	
SCG	 1.960	 2.046	 WORSE	 1.919	 BETTER	
RELATIVE	SCG	 65%	 68%	 WORSE	 64%	 WORSE	
	
During	 the	exercise	P003	 seemed	 to	adopt	a	 view	 that	extended	beyond	 the	product	 that	 they	
were	designing,	they	were	very	conscious	of	the	how	the	product	they	were	designing	would	be	




the	 end	 users	 by	 highlighting	 how	 much	 lower	 the	 running	 costs	 of	 the	 StylishEco	 would	 be	
compared	to	the	Stylish.		
Upon	 completion	 of	 the	 exercise,	 along	 with	 market	 needs	 information,	 P003	mentioned	 that	
they	felt	they	also	needed	information	regarding	how	much	the	various	options	cost	to	help	them	
make	more	 informed	decisions.	The	 impact	of	not	having	the	cost	 information	manifested	 itself	
though	P003	assuming	that	all	 the	options	with	better	environmental	profiles	would	cost	more;	
while	 this	 is	 usually	 the	 truth	 it	 is	 not	 always	 the	 case.	 For	 example	 various	 grease	 filters	 have	
similar	costs	but	environmentally	some	are	better	 than	others	and	 it	 is	a	case	of	understanding	
what	makes	some	better	than	others.		
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When	 presented	with	 the	 challenge	 P004	 decided	 to	 take	 a	 systematic	 approach	 by	 using	 the	
information	 in	 the	LCA	 report	 to	calculate	 the	 impacts	 that	 the	various	components	had	during	
various	stages	of	the	life	of	the	Stylish	cookerhood.	From	this	activity,	they	were	able	to	deduce	
that	 the	 spotlights,	 electric	 motor	 and	 grease	 filter	 has	 some	 of	 the	 biggest	 environmental	








single-phase	 asynchronous	motor	 to	 a	 brushless	 permanent	magnet	motor.	 Provided	 that	 they	
knew	that	the	electric	motor	had	the	biggest	impact,	it	is	perhaps	contrary	that	they	chose	it	to	be	
the	 one	whose	 improvement	would	 be	 limited.	 For	 the	 previous	 option,	 they	 had	 selected	 the	





to	 the	 best;	 this	would	 not	 increase	 the	 overall	 cost	 too	much	but	would	 still	 offer	 substantial	
environmental	benefits.		
As	 alluded	 to	 before,	 P004	 took	 care	 with	 the	 grease	 filter,	 after	 examining	 the	 differences	
between	the	options	they	were	able	to	select	the	thinnest	all	stainless	steel	grease	filter	for	the	
StylishEco.	 This	 decision	 stemmed	 from	 the	 thoughts	 that	 having	 a	 filter	material	made	 from	a	
single	material	would	be	better	environmentally	and	for	manufacturing	and	that	a	 thinner	 filter	
would	result	in	less	materials	being	used.		
They	 decided	 to	 pass	 up	 the	 option	 of	 adding	 odour	 filter	 to	 the	 new	 cookerhood	 citing	 that	





made	 from	the	same	materials	as	 that	would	make	 recycling	a	bit	easier.	Second,	 they	 thought	
that	 there	was	an	environmental	case	 to	be	made	 for	using	steel	as	opposed	to	polypropylene.	









	 P004	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.801	 0.883	 WORSE	 0.792	 BETTER	
COST	 £47.63	 £45.81	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.59	 £0.52	 WORSE	 £0.49	 WORSE	
SCG	 2.1732	 2.046	 BETTER	 1.919	 BETTER	





with	 the	 potential	 to	 include	 massive	 costs	 so	 they	 decided	 to	 go	 for	 a	 reasonable	 increase	




Reflecting	 upon	how	P004	 conducted	 the	 exercise,	 they	 seemed	 to	 recognise	 the	 benefits	 that	
material	homogeneity	would	have	in	when	dealing	with	end-of-life	issues	such	as	disassembly	for	
recycling.	The	strategy	they	adopted	can	be	said	to	be	one	where	they	selected	the	option	with	
the	 best	 performance	 or	 performance	 they	 deemed	 good	 enough	 when	 they	 felt	 they	 had	
sufficient	 information;	when	 they	were	not	well	 informed	 they	kept	 the	previous	options.	They	
made	more	changes	than	the	other	participants	in	their	condition.		
P005	
When	presented	with	 the	 component	 selection	 exercise,	 P005	decided	 to	 start	 off	 by	 referring	
back	to	the	LCA	report.	While	initially	they	had	gone	through	it,	at	the	insistence	of	the	facilitator,	
casually	trying	to	decipher	the	information	within	the	graphs,	now	they	paid	more	attention	and	
used	 the	 information	 within	 it	 to	 calculate	 the	 impacts	 that	 various	 components	 had	 on	 the	
overall	cookerhood.		
Identified	 as	 having	 the	 biggest	 impact,	 they	 decided	 to	 change	 the	 electric	motor	 to	 the	 best	
option	available.	This	meant	that	the	shaded	pole	single	phase	asynchronous	motor	in	the	Stylish	
cookerhood	would	be	upgraded	to	a	brushless	permanent	magnet	motor	in	the	StylishEco.	At	66%	
efficient,	 two	of	 the	 four	available	brushless	motors	 represented	 the	best	options	performance	
wise	 and	 P001	 opted	 for	 the	 cheaper	 of	 the	 two.	 When	 reflecting	 upon	 their	 choice,	 they	
remarked	 that	 they	used	cost	as	a	 tie	breaker	because	 to	 them,	based	on	 the	 information	 that	
they	 had,	 the	 two	 options	 were	 identical;	 they	 did	 however	 realise	 that	 when	 considering	
environmental	differences,	 there	had	 to	be	differences	between	 the	 two	but	 they	did	not	have	
right	information	to	help	them	discern	the	differences.		
Next	they	moved	on	to	the	lights,	which	they	had	identified	as	having	the	second	biggest	impact	
during	 the	 use	 phase	 of	 the	 cookerhood.	 Here	 they	 declared	 that	 there	 was	 room	 for	
improvement	and	felt	that	doubling	the	rated	life	and	having	the	energy	rating	go	up	2	levels	with	
would	 be	 a	 sufficiently	 good	 enough	 improvement.	 This	 left	 them	 with	 8	 different	 options	 to	
choose	from	and	from	these	they	selected	the	cheapest	option,	a	long	life	dichroic	halogen	with	a	
D	energy	rating	and	a	rated	life	of	5000hrs.	This	meant	that	the	new	lights	would	only	need	to	be	




options	 offered	 environmental	 improvements;	 these	 were	 two	 all	 stainless	 steel	 grease	 filters	
with	differing	thicknesses.	While	they	recognise	that	the	best	option	would	be	the	thinner	of	the	
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two,	 they	 decided	 to	 go	with	 the	 thicker	 and	 cheaper	 one	 because	 they	wanted	 to	 keep	 costs	
down	then	they	felt	that	they	had	already	sufficiently	improved	the	environmental	profile	of	the	
new	cookerhood	by	the	previous	changes	that	they	had	made.		
After	 concluding	 that	 they	 could	not	 see	a	 clear	benefit,	 P005	decided	not	 to	 include	an	odour	
filter	 in	 the	 StylishEco	 cookerhood.	 They	 said	 they	were	 not	 prepared	 to	 add	 cost	 to	 include	 a	
feature	 whose	 functionality	 they	 were	 not	 sure	 about.	 From	 there,	 they	 fell	 back	 to	 the	
information	that	 they	had	 in	 the	LCA	report,	and	considering	 the	 impeller	and	blower	 together,	
they	 decided	 that	 they	 were	 going	 to	 use	 them	 to	 cut	 costs	 as	 they	 did	 not	 have	 very	 large	
lifecycle	impacts.	This	resulted	in	both	parts	being	the	cheapest	available	polypropylene	options.	
The	same	tactic	was	used	for	the	packaging,	where	the	selected	the	cheapest	option	on	offer.	
The	 table	 below	 compares	 P005	 results	 to	 the	 average	 Condition	 B	 results	 and	 average	 group	
results.	
P005	VS.	CONDITION	B	AND	GROUP	AVERAGE	
	 P005	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.876	 0.746	 BETTER	 0.792	 BETTER	
COST	 £27.96	 £31.99	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.32	 £0.43	 BETTER	 £0.49	 BETTER	
SCG	 1.6316	 1.652	 WORSE	 1.919	 WORSE	
RELATIVE	SCG	 54%	 55%	 WORSE	 64%	 WORSE	
	
During	the	exercise,	P005	seemed	to	have	a	good	grasp	on	the	 information	that	was	 in	the	LCA	
report	 and	 used	 it	 to	 inform	 the	 decisions	 that	 they	 made.	 These	 decisions	 did	 not	 however	
always	 result	 in	 being	 environmentally	 beneficial.	 This	 is	 to	 say	 they	 did	 not	 always	 make	
decisions	to	improve	the	environmental	performance	of	the	product,	rather,	 in	some	cases	they	
made	choices	based	solely	on	cost.		
When	 reflecting	 on	 the	 exercise,	 they	 remarked	 that	 while	 they	 used	 cost	 as	 a	 tie	 breaker	 in	
making	decisions	but	to	truly	make	environmentally	conscious	decisions	they	would	have	liked	to	
have	more	 information	on	 the	 suppliers,	 transport,	 locations	and	manufacturing	 relating	 to	 the	
different	products	on	offer.	They	also	comment	on	how	having	the	cost	information	made	them	
more	 conscious	 of	 keeping	 costs	 down	 especially	 when	 they	 did	 not	 know	 the	 value	 of	 the	




with	 the	highest	 environmental	 impacts	 they	 decided	on	performance	 improvements	 that	 they	





required	 to	 ensure	 that	 the	 lights	 would	 not	 need	 to	 be	 replaced	 during	 the	 lifetime	 of	 the	
cookerhood.	 After	 getting	 the	 value	 of	 6.5k	 hours,	 they	 decided	 that	 it	was	 important	 to	 have	
lights	with	 a	minimum	 rated	 life	 of	 that	 value	 as	 it	would	 not	 only	mean	 that	 the	 cookerhood	









the	 overall	 cookerhood.	Upon	 looking	 at	 the	 available	 replacement	 options,	 they	 then	 decided	
that	 they	wanted	 to	 go	 for	 a	 brushless	motor,	 as	 it	 was	 superior	 in	 performance	 to	 the	 other	
available	options.	 From	 the	options	 available	 in	 the	brushless	motor	 section,	 they	decided	 that	




items	 as	 it	 is	 usually	 because	 they	 come	 from	 far	 away	 and	 that	 would	 not	 be	 good	 for	 the	
environment.	 Ultimately	 they	 did	 decide	 to	 go	 for	 the	 cheaper	 option,	 the	 fact	 that	 the	 new	
motor	would	have	the	same	supplier	as	its	predecessor	is	what	swung	it.		
When	 it	 came	 to	 selecting	 the	 grease	 filter,	 they	 seemed	 keen	 to	 make	 some	 environmental	
improvements.	After	evaluating	the	different	offerings	they	decided	that	improvements	could	be	









not	 include	 it	 and	 remarked	 that	 it	was	 something	 that	 people	wouldn’t	 really	miss	 or	wish	 to	
have.		
Due	to	the	similarities	in	the	nature	of	decisions	required,	the	blower	and	the	impeller	decisions	
were	 given	 the	 same	 treatment.	 For	 these,	 P006	 mentioned	 that	 they	 could	 not	 see	 any	 real	
environmental	 performance	 differences	 between	 polypropylene	 and	 galvanised	 steel	 and	 as	 a	
result	they	would	focus	on	the	cheaper	polypropylene	options.	They	were	however	reluctant	to	
go	with	 the	cheapest	option;	 they	 just	didn’t	 seem	to	 trust	 it	because	 it	was	 the	cheapest.	This	




The	 table	 below	 compares	 P006	 results	 to	 the	 average	 Condition	 B	 results	 and	 average	 group	
results.	
P006	VS.	CONDITION	B	AND	GROUP	AVERAGE	
	 P006	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.778	 0.746	 BETTER	 0.792	 WORSE	
COST	 £40.95	 £31.99	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.43	 WORSE	 £0.49	 WORSE	
SCG	 1.6633	 1.652	 BETTER	 1.919	 WORSE	
RELATIVE	SCG	 55%	 55%	 SAME	 64%	 WORSE	
	
P006	proved	to	be	very	suspicious	of	the	cheapest	options	that	were	on	offer;	without	any	other	







When	 tackling	 the	 exercise,	where	 there	was	 a	 clear	 environmental	 improvement	 to	 be	made,	
P006	made	sure	they	made	an	improvement;	the	choice	was	a	balance	between	performance	and	












with	 the	 same	 supplier	 but	 to	 upgrade	 to	 a	 light	with	 a	 better	 rated	 life;	 upon	 comparing	 the	
available	options	and	weighting	up	cost	to	rated	life,	they	settled	on	a	long	life	dichroic	halogen	
that	they	were	happy	with.	This	resulted	in	the	selection	of	a	light	with	a	rated	life	of	5k	hours	and	









supplier.	Upon	reviewing	the	options	available,	 they	noted	that	Supplier	A	had	a	product	 in	 the	
three	 different	 motor	 type	 categories.	 To	 decide	 which	 motor	 to	 go	 with,	 they	 decided	 they	





current	 grease	 filter.	 Upon	 being	 given	 the	 option	 to	 include	 the	 odour	 filter,	 P007	 rejected	 it	
remarking	that	the	odour	filter	was	not	necessary	and	not	worth	the	added	cost.		










	 P007	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.665	 0.746	 WORSE	 0.792	 BETTER	
COST	 £25.11	 £31.99	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.38	 £0.43	 BETTER	 £0.49	 BETTER	
SCG	 1.7527	 1.652	 BETTER	 1.919	 WORSE	
RELATIVE	SCG	 58%	 55%	 BETTER	 64%	 WORSE	
	
Although	 they	 did	 adopt	 the	 ‘same-supplier-first’	 approach,	 throughout	 most	 of	 the	 design	
process	P007	kept	referring	back	to	the	LCA	report,	which	means	they	had	a	firm	understanding	
on	the	impacts	that	various	components	had	throughout	the	life	of	the	Stylish	cookerhood.		




Looking	 at	 how	 P007	 undertook	 this	 exercise,	 the	 same-supplier	 preference	 is	 evident.	 When	
faced	with	making	decisions	on	parts	that	has	substantial	environmental	implications,	they	looked	






the	conclusion	 that	 rated	 life	was	a	better	 indicator	however	what	 they	 failed	 to	 take	 realise	 is	
that	when	you	choose	to	 improve	the	environmental	profile	of	a	cookerhood	by	fitting	 it	with	a	





They	 were	 keen	 to	 replace	 the	 current	 single-phase	 motor	 with	 a	 brushless	 one	 due	 to	 the	
superior	performance	offered	by	the	brushless	motors.	From	there	they	selected	Option	9,	as	 it	
was	 the	cheapest	brushless	motor	available;	 they	would	get	50%	efficiency	 for	£11.25	and	they	
were	happy	with	this.	Once	again,	they	remarked	that	this	meant	sticking	with	the	same	supplier	
and	that	this	was	an	added	bonus	of	choosing	that	motor.		
After	 careful	 consideration	 of	 the	 grease	 filters	 on	 offer,	 P008	 declared	 that	 there	 were	 three	
ways	 in	which	 they	 could	 improve	 the	 environmental	 performance	 of	 the	 overall	 product.	 The	
first	would	be	to	use	a	filter	with	the	same	materials	as	this	would	make	recycling	easier	and	the	
second	 would	 be	 to	 go	 for	 a	 thinner	 filter	 and	 the	 third,	 implement	 all	 three	 changes.	 They	
remarked	 that	 since	 they	 felt	 that	 they	 had	 already	 made	 substantial	 environmental	
improvements,	 they	would	only	 implement	one	change	so	as	 to	keep	costs	 to	a	minimum.	This	
resulted	 in	 the	 selection	 of	 the	 all	 stainless	 steel	 grease	 filter	 with	 the	 larger	 thickness.	When	
given	the	option	to	add	an	odour	filter	they	rejected	it	citing	that	it	was	just	not	necessary	to	add	
it.		
P008	 decided	 to	 have	 the	 impeller	 and	 blower	 made	 out	 of	 steel	 as	 they	 felt	 it	 had	 a	 better	
environmental	profile	 than	 the	alternative	choice	of	polypropylene.	They	decided	on	steel	 from	
Custom	1,	who	they	were	currently	purchasing	from,	as	they	felt	that	any	cost	savings	that	would	




The	 table	 below	 compares	 P008	 results	 to	 the	 average	 Condition	 B	 results	 and	 average	 group	
results.	
P008	VS.	CONDITION	B	AND	GROUP	AVERAGE	
	 P008	 CONDITION	AVERAGE	 	 ALL	COND.	AVERAGE	 	
PEP	 0.665	 0.746	 WORSE	 0.792	 WORSE	
COST	 £33.94	 £31.99	 WORSE	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.51	 £0.43	 WORSE	 £0.49	 WORSE	
SCG	 1.5598	 1.652	 WORSE	 1.919	 WORSE	
RELATIVE	SCG	 52%	 55%	 WORSE	 64%	 WORSE	
	
Throughout	 the	 design	 process,	 P008	 seemed	 to	 put	 a	 lot	 of	 emphasis	 on	 keeping	 suppliers	
constant.	After	 the	exercise	was	 completed,	 they	 commented	 that	 they	would	have	 liked	more	
information	on	 the	 suppliers	 to	 know	what	 their	 environmental	profiles	were	 like	because	 that	
would	also	have	an	 impact	on	whether	 they	 insisted	on	 staying	with	 them	or	not.	Additionally,	
they	expressed	a	wish	 to	have	had	 information	 relating	 to	 the	 locations	of	 the	 suppliers.	While	
they	expressly	stated	that	cost	was	 important	but	didn’t	want	 to	 fall	 into	the	trap	on	being	too	
blinded	by	it,	they	seemed	to	fall	back	on	it	repeatedly.		
When	 undertaking	 the	 exercise,	 P008	 seemed	 to	 decide	 on	 what	 they	 classed	 as	 a	 good	
performance	 improvement	and	sought	the	cheapest	way	to	 implement	that	 improvement.	They	



















After	 looking	 through	 the	 grease	 filters	 on	 offer,	 they	 declared	 that	 they	 could	 not	 see	 any	
differences	 in	 terms	 of	 environmental	 profile	 and	 as	 a	 result	 did	 not	 change	 the	 grease	 filter.	
When	given	the	option	to	add	an	odour	filter	to	their	cookerhood,	they	stated	that	they	liked	the	
idea	 of	 offering	 a	 new	 feature	with	 the	 new	 cookerhood	 and	 thought	 that	 it	 could	 be	 a	 great	









The	 table	 below	 compares	 P009	 results	 to	 the	 average	 Condition	 C	 results	 and	 average	 group	
results.	
P009	VS.	CONDITION	C	AND	GROUP	AVERAGE	
	 P009	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.766	 0.760	 BETTER	 0.792	 WORSE	
COST	 £39.83	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.52	 £0.54	 BETTER	 £0.49	 BETTER	
SCG	 2.046	 1.968	 BETTER	 1.919	 BETTER	
RELATIVE	SCG	 68%	 66%	 BETTER	 64%	 BETTER	
	
As	 they	undertook	the	exercise,	P009	seemed	to	 like	calculating	 the	cost	per	unit	performance;	
this	 is	 how	 they	 balanced	 out	 cost	 and	 performance.	 They	 remarked	 early	 on	 that	 it	 was	 very	
important	 to	 be	 weary	 of	 slight	 cost	 increases	 as	 they	 do	 add	 up	 very	 easily.	 Through	 their	
choices,	 it	 seemed	they	prioritised	performance	and	supplier	profile	and	 then	 tried	 to	get	what	
they	wanted	for	the	best	price	possible.		
Reflecting	on	the	exercise	as	a	whole,	they	felt	that	while	they	would	have	like	more	information	
on	 materials,	 the	 information	 depth	 of	 information	 that	 they	 had	 made	 it	 easier	 to	 make	
decisions.	They	cited	the	lighting	decision	as	the	easiest	one	to	make	as	they	felt	they	had	all	the	
information	that	they	needed	to	make	an	informed	choice.		
As	 someone	with	 a	 limited	working	 knowledge	 of	 eco-design	 they	 remarked,	 “Instinctively	 you	
have	an	idea	of	things	that	you	can	do	to	improve	the	environmental	profile	of	a	product,	this	is	
reinforced	when	 you	 get	more	 information,	 like	 in	 the	 LCA	 report”	 and	 confessed	 that	 they	 as	






















It	would	be	 fair	 to	 say	 that	 P010	did	not	put	much	effort	 into	 trying	 to	discern	 the	differences	
between	the	different	grease	filters	on	offer.	They	were	quick	to	claim	that	they	could	not	really	
see	how	the	options	where	different	and	that	they	were	happy	to	stick	to	the	current	choice.	 It	
was	 also	 at	 this	 point	 in	 the	exercise	 that	 they	 suddenly	declared	 that	 they	would	be	 adopting	
cost	saving	tactics.	It	is	interesting	to	note	that	while	they	explicitly	said	this,	they	did	not	seem	to	
follow	through.	Instead,	from	this	point	onwards	they	made	a	lot	of	comments	regarding	making	
better	environmental	choices,	as	 their	conscience	would	not	 forgive	 them	otherwise.	 It	 seemed	
that	while	they	did	want	to	keep	the	costs	down,	they	did	not	was	to	do	that	at	the	detriment	of	
the	environment.		
They	 readily	 took	 up	 the	 opportunity	 to	 add	 an	 odour	 filter	 to	 their	 design.	 They	 felt	 that	 the	
addition	of	the	odour	filter	would	result	in	a	cookerhood	with	added	functionality	and	this	would	
be	a	great	selling	point.	They	decided	on	the	thicker	of	the	long	life	filters,	and	even	though	they	
had	 considered	 buying	 it	 from	 the	 same	 supplier	 as	 the	 grease	 filter	 they	 felt	 that	 switching	




not	 seem	 to	 influence	 the	 decisions	 that	 they	 were	 making.	 They	 also	 claimed	 that	 wherever	






to	 pick	 from	 they	 decided	 that	 they	were	 happy	with	 part	 that	 was	 currently	 in	 use	 as	 it	 was	
reasonably	priced	and	supplied	by	the	best	supplier.	For	the	 last	part,	 the	packaging,	 they	were	
happy	to	go	for	a	slightly	cheaper	option,	although	the	supplier	was	not	as	good,	they	were	happy	
with	the	compromise	for	cost	benefits	gained.	
The	 table	 below	 compares	 P010	 results	 to	 the	 average	 Condition	 C	 results	 and	 average	 group	
results.	
P010	VS.	CONDITION	C	AND	GROUP	AVERAGE	
	 P010	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.731	 0.760	 WORSE	 0.792	 BETTER	
COST	 £40.64	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.56	 £0.54	 WORSE	 £0.49	 WORSE	
SCG	 1.992	 1.968	 BETTER	 1.919	 BETTER	


















that	 they	 would	 be	 happy	 with	 increasing	 the	 efficiency	 to	 50%	 and	 from	 there	 selected	 the	
motor	that	was	provided	by	the	supplier	with	the	best	profile,	once	again	this	proved	to	be	the	
more	expensive	of	the	two	option	but	they	did	not	mind	it.		
Throughout	 the	 exercise	 P011	 was	 conscious	 of	 being	 limited	 by	 price,	 to	 counter	 this	 they	
decided	 that	 they	 would	 decide	 on	 the	 performance	 that	 they	 wanted	 and	 would	 select	 it	
regardless	of	price.	Throughout	the	exercise,	 the	referred	back	to	the	LCA	report	and	used	 it	 to	
inform	their	decisions.	When	faced	with	the	grease	filter	selection,	 they	could	have	taken	more	
time	to	compare	the	options.	With	this	part	they	felt	that	they	could	not	discern	any	differences	
in	 the	 grease	 filters	 and	 would	 be	 more	 comfortable	 not	 changing	 anything.	 When	 given	 the	
choice,	 they	 felt	 that	 adding	 an	 odour	 filter	 to	 their	 cookerhood	 would	 result	 in	 added	
functionality	 that	 would	 be	 a	 good	 selling	 point.	 Resultantly,	 they	 selected	 the	 non-disposable	
long	life	grease	filter	with	the	bigger	thickness	and	decided	to	purchase	it	from	the	supplier	with	
the	better	profile	and	lower	cost.		
For	 both	 the	 impeller	 and	 the	 blower,	 they	 did	 not	 want	 to	 change	 the	 materials	 that	 were	
currently	in	use,	as	they	could	not	confidently	ay	how	the	environmental	performance	would	be	
affected.	From	there,	they	selected	the	suppliers	with	the	best	profiles	regardless	of	cost.	For	the	
packaging,	 they	 decided	 to	 switch	 to	 a	 supplier	who	was	 located	 closer	who	 also	 happened	 to	
offer	a	cheaper	product.		
The	 table	 below	 compares	 P011	 results	 to	 the	 average	 Condition	 C	 results	 and	 average	 group	
results.	
P011	VS.	CONDITION	C	AND	GROUP	AVERAGE	
	 P011	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.766	 0.760	 BETTER	 0.792	 WORSE	
COST	 £43.25	 £41.19	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.56	 £0.54	 WORSE	 £0.49	 WORSE	
SCG	 1.9205	 1.968	 WORSE	 1.919	 BETTER	








When	 faced	 with	 the	 challenge	 of	 deciding	 which	 electric	 motor	 to	 use	 in	 their	 cookerhood	
design,	P012	started	off	by	working	out	the	minimum	light	rated	life	required	to	ensure	that	the	
bulb	 would	 not	 need	 to	 be	 replaced	 throughout	 the	 life	 of	 the	 cookerhood.	 Once	 that	 was	




For	 the	 electric	 motor,	 they	 decided	 that	 doubling	 the	 efficiency	 to	 48%	 was	 an	 adequate	
improvement	 in	 performance.	 For	 this	 efficiency,	 P012	 selected	 the	 single-phase	 motor	 with	




that	 they	 could.	 This	 resulted	 in	 the	 selection	 of	 the	 thinner	 all	 stainless	 steel	 grease	 filter	








The	 table	 below	 compares	 P012	 results	 to	 the	 average	 Condition	 C	 results	 and	 average	 group	
results.	
P012	VS.	CONDITION	C	AND	GROUP	AVERAGE	
	 P012	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.776	 0.760	 BETTER	 0.792	 WORSE	
COST	 £41.02	 £41.19	 BETTER	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.53	 £0.54	 BETTER	 £0.49	 WORSE	
SCG	 1.914	 1.968	 WORSE	 1.919	 WORSE	
RELATIVE	SCG	 64%	 66%	 WORSE	 64%	 SAME	
	
While	they	did	not	seem	to	utilise	the	LCA	report	as	much,	they	did	seem	to	always	think	about	








Upon	 beginning	 the	 design	 of	 their	 cookerhood,	 P013	 immediately	 asked	 for	 cost	 information	
related	to	all	the	products	on	offer.	They	then	followed	that	up	by	asking	for	information	on	the	
outputs	of	 the	environmental	management	 system	 (EMS)	 if	 they	were	available,	only	after	 that	
did	 they	proceed	with	 the	design	 task.	After	 referring	 to	 the	LCA	 report	 they	decided	 that	 they	
didn’t	 really	 need	 to	 know	 any	 information	 regarding	 the	 location	 of	 the	 suppliers	 since	 the	
transport	scenario	had	so	little	impact	thorough	the	lifecycle	of	the	cookerhood.		
When	selecting	 lights	to	 include	 in	their	cookerhood,	P013	wanted	lights	that	would	need	to	be	





certifications.	 For	 the	 motor,	 they	 took	 a	 similar	 approach	 by	 deciding	 that	 they	 wanted	 a	
	 298	
performance	 of	 48%,	 double	 what	 it	 was	 originally,	 and	 then	 selected	 the	 option	 that	 was	











The	 table	 below	 compares	 P013	 results	 to	 the	 average	 Condition	 D	 results	 and	 average	 group	
results.	
P013	VS.	CONDITION	D	AND	GROUP	AVERAGE	
	 P013	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.753	 0.778	 WORSE	 0.792	 WORSE	
COST	 £38.31	 £38.09	 WORSE	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.51	 £0.46	 WORSE	 £0.49	 WORSE	
SCG	 2.163	 2.008	 BETTER	 1.919	 BETTER	






there	was	quite	 a	 lot	 of	 balancing	out	 that	had	 to	be	done	 to	ensure	 that	 the	best	 choice	was	
made.		
Overall,	 P013	 selected	 components	 for	 their	 StylishEco	 cookerhood	 by	 deciding	 on	 the	
performance	 improvement	 that	 they	 wanted	 and	 selecting	 and	 option	 that	 fulfilled	 that	 while	
balancing	supplier	profile	and	cost.		
P014	
After	 being	 instructed	 to	 start	 the	 component	 selection	 exercise,	 P014	 asked	 for	 information	
regarding	the	cost	of	the	parts	on	offer	and	who	the	suppliers	were.	With	this	information	in	hand	
they	proceeded	 to	 select	what	 they	deemed	 to	 be	 the	most	 appropriate	 light	 to	 put	 into	 their	
StylishEco.	 As	 they	 were	 weighing	 up	 the	 various	 options,	 they	 remarked	 “Environmentally	
friendly	 things	 are	 always	 more	 expensive”.	 This	 was	 right	 before	 they	 selected	 the	 long	 life	













For	 the	 grease	 filter,	 they	 switched	 to	 the	 all	 stainless	 steel	 filter	 as	 they	 claimed	 that	 it	 had	 a	
better	 environmental	 profile,	 as	 it	 was	 a	made	 from	 a	 single	material.	 They	 felt	 that	 this	 was	
enough	of	an	improvement	and	did	not	see	the	point	of	reducing	the	thickness	of	the	filter.	When	
given	the	option	of	 including	an	odour	 filter	 in	their	design	they	turned	 it	down	as	they	did	not	
wish	to	ramp	up	their	costs.		
For	the	 impeller	and	the	blower	they	decided	to	consider	only	the	cost	and	go	for	the	cheapest	




they	 felt	 that	would	prevent	any	switching	costs.	When	they	changed	 to	a	better	product,	 they	
always	viewed	it	as	a	loss	of	money	and	did	not	seem	to	attach	any	gains	to	the	change	(they	did	
not	seem	to	realise	that	in	some	cases	while	they	were	paying	more,	they	were	also	getting	better	
performing	 products).	 Regarding	 the	 packaging,	 they	 decided	 to	 stick	 to	 the	 same	 supplier	 as	
before,	they	did	however	state	that	they	try	to	negotiate	for	a	lower	price.		
The	 table	 below	 compares	 P014	 results	 to	 the	 average	 Condition	 D	 results	 and	 average	 group	
results.	
P014	VS.	CONDITION	D	AND	GROUP	AVERAGE	
	 P014	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.683	 0.778	 WORSE	 0.792	 WORSE	
COST	 £27.19	 £38.09	 BETTER	 £38.77	 BETTER	
COST	PER	%	PEP	 £0.40	 £0.46	 BETTER	 £0.49	 BETTER	
SCG	 1.8245	 2.008	 WORSE	 1.919	 WORSE	
RELATIVE	SCG	 61%	 67%	 WORSE	 64%	 WORSE	
	
P014	 summed	up	 their	 experiences	with	 the	 exercise	by	 saying	 “There	 is	 a	 lot	 of	 stuff	 to	 think	
about,	 I	 just	wasn’t	 thinking	about	 it.	 I	didn’t	know	what	 I	 could	and	could	not	ask	 for.	 I	would	
have	 liked	 to	 know	 what	 things	 I	 can	 ask	 for	 then	 I	 will	 ask	 for	 them.	 So	 I	 missed	 the	 most	





In	 terms	 of	 how	 they	 tackled	 the	 exercise,	 they	 tried	 to	 go	 for	 the	 cheapest	 option	 wherever	
possible;	 for	 the	more	 important	 parts	 they	went	 for	 improved	 performance	 but	 for	 the	 other	
ones	they	were	not	concerned	about	that.	
P015	
When	 told	 to	 start	 the	 component	 selection	 exercise,	 P015	 started	 off	 by	 requesting	 cost	
information.	 It	was	 only	when	 they	were	 half	way	 through	 the	 exercise	 that	 they	 realised	 that	
they	probably	had	not	made	the	most	of	the	fact	that	they	could	ask	for	any	information	that	they	
wanted.	 It	 was	 at	 this	 point	 that	 they	 asked	 for	 more	 information	 relating	 to	 the	 suppliers,	
including	the	outputs	from	the	EMS.	Armed	with	the	new	information,	they	decided	to	restart	the	




They	 selected	 the	all	 stainless	 steel	 grease	 filter	 as	 they	 felt	 that	 it	had	a	better	environmental	
profile,	 they	were	also	please	 that	 they	could	make	 the	switch	without	 incurring	any	additional	
costs.	They	did	not	see	the	value	the	odour	filter	so	when	they	were	given	the	option	to	include	it	
they	 turned	 it	down	as	 they	 felt	 that	 it	was	unnecessary.	 For	 the	blower	and	 the	 impeller	 they	
decided	that	they	did	not	want	to	use	any	polymers	but	also	wanted	to	reduce	costs	so	they	went	
for	the	cheapest	steel	available	options.	They	had	a	similar	cost	view	for	the	packaging	but	were	
conscious	 of	 not	 sacrificing	 the	 profile	 of	 the	 supplier	 too	 much	 so	 they	 went	 for	 cheaper	
packaging	from	a	supplier	with	a	better	profile	than	the	original	one.		








that	 they	were	 shocked	 to	 see	 that	 the	 transport	 phase	 had	 such	 a	 small	 overall	 impact.	 They	
tried	 to	 get	 the	 best	 balance	 between	 supplier	 profile,	 cost	 and	 performance	 and	 ended	 up	
selecting	 the	 LED	with	 15k	 hours	 rated	 life	 and	 an	A+	 energy	 rating.	Moving	 on	 to	 the	 electric	
motor,	they	decided	to	go	for	the	best	efficiency	available	and	from	the	two	possible	66%	efficient	
brushless	motors	to	choose	from	they	selected	the	one	from	the	supplier	with	the	better	profile.		
The	 table	 below	 compares	 P015	 results	 to	 the	 average	 Condition	 D	 results	 and	 average	 group	
results.	
P015	VS.	CONDITION	D	AND	GROUP	AVERAGE	
	 P015	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.965	 0.778	 BETTER	 0.792	 BETTER	
COST	 £42.77	 £38.09	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.44	 £0.46	 BETTER	 £0.49	 BETTER	
SCG	 1.949	 2.008	 WORSE	 1.919	 BETTER	




cost.	 They	 found	 it	 interesting	 that	 it	 was	 left	 up	 to	 them	 to	 decide	 what	 information	 they	
wanted,	in	such	a	case	they	felt	that	they	would	have	liked	to	have	had	commercial	information	
like	sales	numbers.	They	also	made	a	comment	that	sometimes	when	all	you	are	faced	with	are	















When	 it	 came	 to	 sorting	 through	 the	 grease	 filter	 options,	 they	 were	 not	 able	 to	 discern	 any	
major	differences	between	the	choices	and	as	a	result	of	this	they	decided	that	 it	was	best	that	
they	stuck	with	the	selection	that	was	in	the	current	Stylish	cookerhood.	When	they	were	given	
the	option	of	 including	an	odour	 filter	 in	 their	 cooker	hood	 they	 turned	 it	down,	 they	 said	 that	
they	could	not	see	the	benefit	and	that	it	would	be	an	unnecessary	addition.		
For	the	impeller	and	the	blower,	they	decided	to	go	with	galvanised	steel	as	they	felt	that	it	had	a	
better	 environmental	 profile	 than	 polypropylene	 and	 for	 this	 they	 decided	 to	 stick	 with	 the	
supplier	that	they	were	familiar	with.	Lastly,	for	the	packaging,	they	asked	for	the	locations	of	the	




The	 table	 below	 compares	 P016	 results	 to	 the	 average	 Condition	 D	 results	 and	 average	 group	
results.	
P016	VS.	CONDITION	D	AND	GROUP	AVERAGE	
	 P016	 CONDITION	AVERAGE	 RANKING	 ALL	COND.	AVERAGE	 RANKING	
PEP	 0.71	 0.778	 BETTER	 0.792	 BETTER	
COST	 £36.07	 £38.09	 WORSE	 £38.77	 WORSE	
COST	PER	%	PEP	 £0.51	 £0.46	 WORSE	 £0.49	 BETTER	
SCG	 2.0973	 2.008	 BETTER	 1.919	 WORSE	
RELATIVE	SCG	 70%	 67%	 BETTER	 64%	 BETTER	
	




supplier	 location.	 Overall,	 they	 tried	 to	 go	 for	 the	 cheapest	 option	 that	 met	 the	 performance	
standards	that	they	determined.	
After	 they	 completed	 the	 exercise,	 they	 commented	 that	 they	 did	 not	 really	 feel	 like	 they	 had	
made	any	environmental	decisions	and	that	they	didn’t	really	feel	 like	they	had	the	 information	
that	would	have	allowed	them	to	do	that	(even	though	they	could	have	asked	for	it).	They	would	
have	 liked	 to	 have	 manufacturing	 information	 and	 more	 information	 regarding	 the	 suppliers;	
more	than	transport	information	as	that	did	not	really	have	such	a	big	impact.	When	asked	why	
they	 didn’t	 ask	 for	 all	 that	 extra	 information	 that	 they	 just	 had	 mentioned	 that	 would	 have	















































































CONFIDENTIALITY	 What	 constitutes	 the	 kinds	 of	 risks	 of	 reasonable	 promises	 of	
confidentiality	 that	 can	 be	 honoured	 in	 practice?	 Do	 not	 make	
promises	that	cannot	be	kept.	
INFORMED	CONSENT	 What	 kind	 of	 formal	 consent	 is	 necessary	 and	 how	 will	 it	 be	
obtained?	
DATA	ACCESS	AND	OWNERSHIP	 Who	will	have	access	to	the	data	and	who	owns	it?		
RESEARCHER	MENTAL	HEALTH	 	How	 will	 the	 researcher	 be	 affected	 by	 conducting	 the	 research?	
What	 will	 they	 see	 or	 hear	 that	 may	 require	 debriefing	 or	
counselling?	
ADVICE	 Who	will	the	researcher	use	as	a	confidant(e)	or	counsellor	on	issues	
of	ethics	during	the	research?	
	
Checklist	available	from	(Gray,	2010)	
	
